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CHAPTER LI 



ALTERNATING CURRENT MOTORS 

The almost universal adoption of the alternating current 
system of distribution of electrical energy for Ught and power, 
and the many inherent advantages of the alternating current 
motor, have created the wide field of application now covered 
by this type of apparatus. 

As many central stations furnish only alternating current, it 
has become necessary for motor manufacturers to perfect types 
of alternating current motor suitable for all classes of industrial 
drive and which are adapted for use on the kinds of alternating 
circuit employed. This has naturally resulted in a multiplicity 
of types and a classification, to be comprehensive, must, as in the 
case of alternators, divide the motors into groups as regarded 
from several points of view. Accordingly, alternating current 
motors may be classified: 

1. With respect to their principle of operation, as 

a. SYNCHRONOUS MOTORS; 

b. ASYNCHRONOUS MOTORS: 



1. Induction motors; 

' series; 

2. C!onunutator motors 



compensated; 
shunt; 
, repulsion. 



2. With respect to the current as 

a. Single phase; 

b. Polyphase; 
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SYNCHRONOUS MOTOR 
single plmse syrKlmiioHs m 
ial as shown. If the alterni 



latter as shown by the vertical arrows. These poles are attracted by unlike poles of the 
field maaneta. which tend to lum the motor armature ia a counter^loclcwise direction, 

lure and cause it to rotate, the alternator armature has completed the half revolutiim. and 
beginning the second half of the revolution, as in f^. 1.587. the current is rerersed and 
conBequeolly Iht induced magnetic poles <n the motnr ajmolurs ore rnersid also. This 
tends to route the annatutc in the reverse direction, as in fig. 1,588. These reversals 

iirellioH to ofercome the fcarria of Ike armaluri: consiQunily it remains at rest, or to be 

eitetnal force and brought up to a apecd that gives the same frequency as the alternator 
before it will operate. A single phase synchronousmotor, then, is not self-Btartiiig, which is 
one of its disadvaotaaes; the reason it will operate after being speeded up to synchronism 
with the alternator and then connected in the circuit is eiplamed in Gg9. 1,589 to 1.592. 



ALTERNATING CURRENT MOTORS 1,269 



3. With respect to speed, as 

a. Constant speed; 
h. Variable speed. 

4. With respect to structural features, as 

a. Enclosed; 

h. Semi-endosed; 

c. Open; 

d. Pipe ventilated; 

e. Back geared; 

/. Skeleton frame; 

f. Riveted frame; 
. Ventilated; etc. 

Of the above divisions and sub-divisions some are self -defining 
and need little or no explanation; the others, however, will be 
considered in detail, with explanations of the principles of opera- 
tion and construction. 



Synchronous Motors.— The term "sjmchronous" means 
in unison, that is, in step, A so called synchronous motor, then, 
as generally defined, is one which rotates in unison or in step with 
the phase of the alternating current which operates it. 

Strictly spedking^ however ^ it should be noted thai this condition of 
operation is only approxinuUely realized as wUl be later shown. 

Any single or polyphase alternator will operate as a sjm- 
chronous motor when suppUed with current at the same pressure 
and frequency as it produces as a generator, the essential con- 
dition, in the case of a single phase machine, being that it be 
speeded up to so called synchronism before being put in the circuit. 

In construction, sjmchronous motors are almost identical with 
the corresponding alternator, and consist essentially of two 
elements : 

1. An armature, 

2. A fields 
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SYNCH ROHOUi MOTOR 



Pics, 1,589 to 1^2.— SynehrotioiiB motor principlBs; 11. The ctmdilion necessary for j; 
chrimoHS BUMw operalian ii lluu On molot be speeded up until it rotales in syiultrintism. b 
is. IB step viilk Iht aUetnalor. Thia means that the molor must be run at the lame freqiieo 
ia the alternator (not neeeBsarily at tha same speed). In the figures it is assumed tl 
the motor has b™n brought op to synchronian with the altemator and connected 
the (Mcuitaa shown. In figs. l,B89Mld 1,590 thearrowa indicate the direction of the cmri 
for the armatuTB position shown. The current flowing through the motor aimati 
inducea magnetic poles which are attracted by the field poles, thus producing a torque in 
the direction in which the umature is rotating. After the alternator coU poises the 
vertical position, the current reverses as in fig. 1,S91. and the current flows through tbs 
motor annatore in the opposite direction, thna reverting the inducal poles as infig. IJiOZ. 
ThtihrimaUkatiiies mar tack oihtr, and lint* Oie mala' aril hai rotaled bevopdlht verlicat 
poiitfoKdieTaptUliit action irf Me Uke pole*, and obothaattracclonol unlike polca, 
utodtua a lawu aaHif IK Ihi ditelim (■ tthich llu molor ii rolaUni. Hence, when the two 
lynchnmously. Che torqueprodaced by the acticm of the induced pdes 
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either of which may revolve. The field is separately excited with 
direct current. 

The principles upon which such motors operate may be ex- 
plained by considering the action of two elementary alternators 



^m^ 



ALTERNATOR SYNCHRONOUa MOTOR 

Pics. 1.563 and 1, 594.— Synchnmausmotor principles: III. ThtamentisliickSaasOiTouihlhe 
armaluri of a synchrommi molar ii tkai due la ila tUtctire pramrt. Siaoe the motor 
rotates in a maffaetjc field, a pressure ia induced in Its ormHture in a direction opposite 
to that iiiduced in the Ar-matnre of the Altematar. and called the rrttrse pressure^ as dis- 
tinguished from the -pressoie generated by the altemslor called the impresMd pressute. 
At any iniUiu, Ikt prtsanrt oeatMiU lo laiai current to Jlaw Ihraugh Ihi Hm armtliirts, calUd 
lit eflCctlTa premm, it aual to Uu difereiue bilwesn tkt presairi gauralid by the 
alttnuur or ImprMMd DtMSure and tkt revnae pressure induced in the motor. Now 
li the motor be perfectly free to torn, that is, without load or friction, the reverse pressure 
will equal tbe impressed pressuie and no current will flow. This is the cose of real syn- 

.1. .:-_ .i..t^j. not only is the frequency of motor and alternator the same, 

it phase ditEerence. In figs. 1,593 and 1 .594. the impressed and 

e represented by the dotted arrows P^ and P*. reapectiTcIy- Since in 
■osing pressures are equal, the resultant or eSective pressure is zero; 
nirent. In oclital mackiitei Ihil ioxdition is impossible, because even if 



operatioo there must b* more or leaa current fiowin^ through 
induce ma^etic poles so as to produce sufficient torque to carry ' 



the load is 



connected in circuit, as illustrated in the accompanying illustra- 
tions, one alternator being used as a generator and the other as 
a synchronous motor. 

Suppose the motor, as in figs. 1,585 and 1,586, be at rest v 
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it is connected in circuit with the alternator. The alternating 
current will flow through the motor armature and produce a 
reaction upon the field tending to rotate the motor armature 
first in one direction, then in another. 



Figs. 1.GB5 and l.SBfl. — ^ndmnioiu motor piinc^les: tV — A syruhrommi nwor adjiaU 
Uidf to changts of laid by ckanging the phase di^ttence between cutrenl and presatre. If 
there be no load and no friction, the motor when speeded up and connected m the dr- 

A B'C D S h'B°C°'i^ will be in paisnel pUnea. 'When this condition obtaina, no 
caimnt wiU Sow and no torque will be required (as eiplained in figs. 1,593 Bad l.SSi). 
II a load be put on the motor, the effect will be to cause A"B"C'D°to lag behind tUo 
■Itetnfltor coil to some position A"B"C"D" and current to flow. The reverse pressure 
vrili lag behind the imprMsed pressure equally with the coil, and the current which has 
now started will ordinanly take an interTDediatephase so that it is behind the impressed 

Cesiure but to adraaiM of the reverse pressure. These phase relations may be represented 
the figure by the armature positions shown, vii,; 1 , the synchronous position A°B*C'D* 
representing tl-- ■ ' — — " •'— — '■ ■'--- ■"•"■■"' ■' ■■ 



3, the actual positior 
sure. Prom the figu 



sill be seen that the cuirent phase represented by A'St'D' 
n m aavanco oi me reverse preasure phase represented by A''B"C 'D'-. Hence, by 

reduces llie reterse pressure, thus establishing equilibrinni between current and load. Ai 
the load is increased, the mechanical lag of the alteinator coil becomes greater and like- 

for variations "n load within" hTSmits of zero and BO" mpchMrca'l "ag" The effect" of 
armature reaction on motors is lust the reverse tn its effect on altematoTS, which results 
in marked automatic adjustment between th« machines especially when a single motor 
is operated from an alternator of about the same size. In other words, the current 
"vhich weakens or atrei^hena the motor field, strengthens or weakens i«a£wctively tbfl 
■llemator fidd aa tba load ia vaiied. 
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Because of the very rapid reversals in direction of ike torque thus set up, 
there is not sufficient.time to overcome the Inertia of the armature 
before the current reverses and produces a torque in the opposite direction, 
hence, the armature remains stationary or, strictly speaking, it vibrates. 

Now if the motor armature be first brought up to a speed correspond- 
ing in frequency to that of the alternator before connecting the motor 



Figs. 1,597 and 1.59!.— Synchronous motor principles! V. Tki tfftaiscness cf armaluri rtac- 
lion in weakening the field is pTofiortioital to Iht tine of the angle by mkicH the current lags 
bshitid lit imprisstd prissurt. _ !f a motor be without load or friction, its aimature wiU 

let ABClJrepream"^an inltantanlous poStioa of the motor armature when this coition 
for tho 'siunTcondilion^f'Mlofld? no fiicl'mt operation, 'now. « a llaht load be placed 
mill drop behind to'mne po8idon'M'A^fig.'°l?597%art of the eoil"oniy being shown), 
pressurowia be represented by A", ^eaimaturecutrent will ordinarily take an inlermedi- 
ate phase. represented by eoiiposiUon A'B'C'D', inducing afield strength corresponding to 
thoSUniMcfTOTee OF, &F-. etc. Tlie currml being in advance of the those of (** rtiierst 

-" — ■--'-' IB flow to balance the load. The amount by which *'"-''-" '- 



weakened may be determined bv resolving the induced magnetic lines OF, O'F'. 0"P", > 
into components OG, GF, O'G , G'F', 0"G", G"F", etc.. respectively parallel and at r 
■nglBito the lines of force of the main field. Of these components, the field is weakt 
oiilybvOG,0'G'.0"G".eto. Since by construction, angle OPG -AOA', and calling 
nnity length. OG — sine of angle by which the current lags behind the impressed press 

'ruction is shown better in the enlarged diagram. For a heavier load the ai 

will drop back further to some position as A"', fig. 1.5B8. and the lag of 



lediate phase as A"B" C"D". By sii 



seen that the component OG {fig. 

nent thus further weakening the main uciu. oy an ajuount irr 
e anflle by n/hich the currerit lags behind the impressed pressu/r 
lich is now permitted to flow, causes the induced field to be st 
"ie dotted magnetic lines M. M'. M", etc.), thus iacreasin, 
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in Uie circuit, tha armature w3I coatinua rerolving at the same frequency 
as the ^t^nator. 
The armature continues revcdvii^;, becaua^ at aynctaronous tpeed, 

the field fiux and armature current are always *n tha same relative position, 
produdng a torque which always pulls the armature around in the same 
direction, 

A polyphase synchronous motor is self starting, because, before the 
current has died out in the coils of one phase, it is increasing in those of 
the other phase or phases, eo that there is always some turning eSort 
exerted on the armature. 

The speed of a synchronous motor is that at which it would have to 
run, if (uivrai as an alternator, to dehver the number of cyclea which is 
^ven by the supply alternator. 

NO TOimuE HO TORQUE 



SYNCHRONOUS MOTOR SYNCHRONOUS MOTOR 

Piss. 1,599 aod 1,600.— Synchreaoui motor prinolpio*: VI. A sinili thasi syndiromniimcta- 
Aaj"dHh] cmtfln," justthtsamt as a one cytindrr steam fnriHf. Two dUffnmfl of the 
nmtor an bore shown illu»tr«tin« the effect cJ the ciinent in both directiona. When the 
pUne of the coil in perpendicular to the Beld, the poloa induced in the armitura Mn parnllel 
to field for eather direction of the curnmt; that u to uv. the field linea of force and the 
induced linee of force acting in panUel or opposite directions, no tumina effect it produced, 
juat a) in analogy when an engue is on the dead center, the piston rod {field line of fcrc*} 
and connecting rod (induced Une of force) being in a straight line, the force eieited by 
the steam on the piston produces no torque. 

For instance, a 12 pole alternator running at 600 revolutions per 
minute will deUver current at a frequency of 60 cycles a second; an 
8 pole syachronous motor su[)plied from that circuit will run at 900 
revolutions per minute, which is the speed at which it would have to be 
driven aa an alternator to give 60 cycles a second^the frequency of 
the 12 pde alteniator. 
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IHROHOUS MOTOR 



.^a^. 



MOTOR 

■inciplH- VII. Ati issetilial tondition for syn- 
nic3lsibeltssVian»o: Piga. 1,601 and 1,602 

..._ , ..jen theW of the motor anmture A'B'C'D' is 

lliiiiBlewthaaOO". Aaihawn.thotagisilmort ao*. ThodirectionDf the current and 
]ced polM *n indicated by the arrowB. Thi iiuljiulian of Iht malir coil is suck Ual 
rsffulalaaaf Hke doIm CrodiicH a {orfiic In the dlrectloii<i< rotadon, thus tending 
»«p motor in operatioa. Now, infigi. 1.603 and 1,604, (or the same position of the tiHer- 
ytooa ABCD, if llii tit ^ttriattrfliaHW.Ihiindinolvm at the maior coil A'B'C'D' •) 
I Ihal 01 this iHttanl tha repuUon cf like pole* fnducts a lorpie in a direction oppodta 
lol q/ the rotation, thus ttadloA to atop Ou metor. la actual opuation this quickly 
igB tl» motor to rgst, haviiiii the nme effect M a (trong brake in ovcrcomlns the 
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B to 1,808. — Byochronous motor prineiiiles; VIII. // Iht lot^ui and eurreM thriMth 
u lead of the amita uilA rtspKt lo lie rrcmi pressurt. In the figutea, let A be »n 



of the si 



It phase. A", Actua.! jjoaitioTi or medianicral lag ot 

relation oC current phase uid mechanical lag cor- 
,. d slrenslk. For these conditions OG, O'G', 0"G". 
etc.. wiU represeut the components of the mduce^ lines of force in oppositkon to the motor 
field, that u, ikey indicate the intensity af ihe armalure reaction at the instant depicted^ 
Now.BSBumethe field strniEtli to be doubled, BS in fig. l,60j, tki motor lomi and current 



_ __, . that is, the components OG, (rC, etc., fig. 1,608. im 

be twice the lenath of OG, O'G', etc., fig. 1,605. Also since the current is maintain 
constant, the induced magnetic lines OF, O'F' are of same length in both figures. Hen. 
In fig. 1,608 the plane of these components is such that their ejtrsmitiea touch perp« 
dicuraiB from G. C, etc., giving the other componeoU FG, F'C, etc. The plane j 
normal to OF, O'F'. etc.. gives tie current phase. By construction, the phase differen 
betiueen A' and A' is such that ■■" '"OA' (Bo i final - 9 v tin a«n»' (fi„ i «wn xh 
is, doubling the field strength c£ 

lead of the" 

bo increased to some positior 



is doubled. Since the i 
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The following simple formtila gives the speed relations between 
generators and motors connected to the same circuit and having different 
numbers of poles* 

PXS 

in which 

s. Revolutions per minute of the motor; 

p. Number of poles of the motor; 

S. Revolutions per minute of the alternator; 

P. Number of poles of the alternator. 

Question. If the field strength of a sjmchronous motor 
be altered, what effect does this have on the speed, and 
why? 

Ans. The speed does not change (save for a momentary 
variation to establish the phase relation corresponding to 
equilibrium), because the motor has to run at the same frequency 
as the alternator. 

Ques. How does a sjmchronous motor adjust itself to 
changes of load and field strength? 

Ans. By changing the phase difference between the current 
and pressure. 

If, on connecting a synchronous motor to the mains, the excitation 
be too weak, so that the voltage is lower than that of the supply, this 
phase difference will appear resulting in wattless current, since the 
missing magnetization has, as it were, to be supplied from an external 
source. A phase difference also appears when the magnetization is too 
strong. 

Ques. State the disadvantages of synchronous motors. 

Ans. A synchronous motor requires an auxiliary power for 
starting, and will stop if, for any reason, the synchronism be 
destroyed; collector rings and brushes are required. For some 
purposes synchronous motors are not desirable, as for driving 
shafts in small workshops having no other power available for 
starting, and in cases where frequent starting, or a strong torque 
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at starting is necessary, A synchronous motor has a tendency 
to hunt* and requires intelligent attention; also an exciting 
current which must be supplied from an external source. 

Qiies. State the advantage of sjmchronous motors. 

Ans. The synchronous motor is desirable for large powers 
where starting under load is not necessary. Its power factor 
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Pig. 1,609. — Diagram illustrating method of representing the performance of synchronous 
motors. The V shaped^ curve is obtained by plotting the current taken by motor under 
different degrees of excitation, the power developed by the motor remaining constant. 
The current may be made to lag or lead while the load remains constant, oy varying 
the excitation. By varying the excitation, a certain value may be reached which wifl 

?ive a minimum current in the armature; this is the condition of unity power factor, 
f now the excitation be diminished the current will lag and increase in value to obtain 
the same power; if the excitation be increased the current will lead and increase in value 
to obtain the same power. The results plotted for several values of the excitation cutrent 
will give the V curve as shown. This is an actual curve obtained by Mordey on a 60 kw. 
madiine running unloaded as a motor. Other curves sitttated above this one may be 
obtained for various loadings of the motor. 



may be controlled by varying the field strength. The power 

factor can be made unity and, further, the current can be made 

to lead the pressure. 

A synchronous motor is frequently connected in a circuit solely to 
improve the power factor. In such cases it is often called a "condenser 
motor" for the reason that its action is similar to that of a condenser. . 



*N0TE.— See Hunting of synchronous motors, page 1,280. 
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The design of synchronous motors proceeds on the same lines as 
that of alternators, and the question of voltage regulation in the latter 
becomes a question of power factor regulation in the former. 

Ques. For what service are they especially suited? 

Ans, For high pressure service. 

High voltage current supplied to the armature does not pass through 
a commutator or slip rings; the field current which passes through slip 
rings bdng ct low pressure does not give any trouble. 



OUH »1f-startiaz syncliroiioua motor. Moton ot this type an suit' 

speed service where Btartina conditions are moderate, Buti m drivina 

, _ P3, and lai^e blower?. Synchronous motors can be made to operate 

_ I motois but as synchronous condenaer? to improve the power factor of the 

circuit. The ileld is provided with a combined startinE and damper or amor A^unfrvinding 
so proportioned that the necessary starting torque is developed by the minimum current 
c^maistent with satisfactory synchronous running without hunting. The armature slots are 
openiuid the coila foim wound, impregnated, and interehangeahle. Malleable iron finger 
plates at each end of the core support the teeth. Ventilating finger plates assembled wilh 

and elide rails permit Bif^ustment of poaition. The brush hoMera arec^ 
IS shimt typfk Two or mors biuihea are provided for eacb lisB. 
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Ques. How do sjmchronous and Induction motors 
compare as to efficiency? 

Ans. Sjmchronous motors are tisually the more efficient. 

Hunting of Synchronous Motors. — Since a synchronous 
motor runs practically in step with the alternator supplying it 
with current when they both have the same number of poles, 



DRIVEN 
(SYNCHRONOUS MOTOR) 




, DRIVER , 
(ALTERNATOR) 

Pig. 1,611. — Mechanical analogy illustrating "hunting." The figure represents two flywheels 
connected by a spring susceptible to tortion in either direction of rotation. If the wheek 
A and B be rotatinfi[ at the same speed and a brake be applied, say to B, its speed will 
diminish and the spring will coil up, and if fairly flexible, more than the necessary amount 
to balance the load imposed by the brake; because when the position of proper torque is 
reached, B is still rotating slightly slower than A, and an additional torque is required to 
overcome the inertia of B and bring its speed up to synchronism with A, Now before the 
spring stops coiling up the wheels must be rotating at, the same speed. When this occurs 
tne spring has readied a position of too great torque, and therefore exerting more turning 
force on B than is necessary to drive it against the brake Accordingly B is accelerated 
and the spring uncoils. The velocity of B thus oscillates above and below that of A when 
a load is put on and taken off. Owing to friction, the oscillations gradually die out and 
the second wheel takes up a steady speed. A similar action takes place in a synchronous 
motor when the load is varied. 



or some multiple of the ratio of the number of poles on each 
machine, it will take an increasing current from the line as its 
speed drops behind the alternator, but will supply current to the 
line as a generator if for any reason the speed of the alternator 
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should drop behind that of the motor, or the current wave lag 
behind, which produces the same effect, and due to additional 
self-induction or inductance produced by starting up or over- 
loading some other motor or rotary converter in the circuit. 

When the motor is first taking cturent, then giving current 
back to the line, and this action is continued periodically, the 
motor is said to be hunting. 

INDUCTIVE CIRCUIT 




w^K5Tmnn57Ry 



ALTERNATOR 



SYNCHRONOUS 
MOTOR 




INDUCTIVE CIRCUIT 




Fig. 1,612. — Diagram illustrating the use of a synchronous motor as a condenser. If a syn 
chronous motor be sufEciently exeited the current will lead. Hence, if it be connected 
across an inductive circuit as in the figure and the field be over excited it will compen- 
sate for the lagging current in the main, thus increasing the power factor. If the motor 
be sufficiently over excited the i)ower factor may be made unity, the minimum current 
being thus obtained that will suffice to transmit the power in the main circuit. A syn- 
chrcMious motor used in this way is called a rotary condenser or synchronous compensator. 
This is especially useful on long lines containing traosformers and induction motors. 

Ques. What term is applied to describe the behavior 
of the current when hunting occurs? 

Ans. The term surging is given to describe the current 
fluctuations produced by hunting. 

The mechanical analogy of hunting illustrated in fig. 1,611 will help 
to an understanding of this phenomenon. In alternating current circuits^ 
a precisely similar action takes place between the alternators and syn- 
chronous motors, or even between the alternators themselves. 
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CHARACTERISTICS OF SYNCHRONOUS MOTORS 

Starting. — The motor must be brought up to synchronous sf>eed 
without load, a starting compensator being used. If provided with 
a self -starting device, the latter must be cut out of circuit at the proper 
time. The starting torque of motor with self -starting device is vety small. 

Running. — ^The motor runs at synchronous speed. The maximum 
torque is several times full load torque and occurs at synchronous speed. 

Stopping. — If the motor receive a sudden overload sufficient to mo- 
mentarily reduce its speed, it will stop; this may be brought about by 
momentary interruption of the current, sufficient to cause a loss of 
synchronism. 

Effect upon Circuit. — ^In case of short circuit in the line the motor 
acts as a generator and thus increases the intensity of the short circuit. 
The motor impresses its own wave form upon the circuit. Over 
excitation will give to the circuit the effect of capacity^ and under 
excitation, that of inductance. 

Power Factor. — ^This depends upon the field current, wave form 
and hunting. The power factor may be controlled by varying the 
field excitation. 

Necessary Auxiliary Apparatus. — ^Power for starting, or if self- 
starting, means of reducing the voltage while starting; also, field exciter, 
rheostat, friction clutch, main switch and exciter switch, instruments 
for indicating when the field current is properly adjusted. 

Adaptation. — If induction motors be connected to the same line 
with a synchronous motor that has a steady load, then the field of the syn- 
chronous motor can be over excited to produce a leading current, which 
will counteract the effect of the lagging currents induced by the induction 
motors. Owing to the weak starting torque, skilled attendance re- 
quired, and the liability of the motor to stop under abnormal working 
conditions, the synchronous motor is not adapted to general power dis- 
tribution, but rather to large units which operate under a steady load and 
do not require frequent starting and stopping. 
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Induction (Asyn- 
chronous) Motors.— 

I An induction motor con- 
9 sists essentially of an 
■I armature and a field mag- 
■i net, there being, in the 
's simplest and most usual 
I types, no electrical con- 
I nection between these two 
I parts* 

I 

3 According to the kind 

J of current that an induc- 

sr tion motor is designed 

J to operate on, it may be 

t classified as : 



1. Single phase; 

2. Polyphase. 

The operation* o£ an 
induction motor de- 
pends on the production 
of a magnetic field by 
passing an alternating 
current through field 
magnets. 



•NOTE.— The author prefers 
e terms Ammture and field loag- 

s induced >nd the Aeld masniX, 
r m^nets) that part fumi^inff 
e field in which the induction 
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The character of this field is either 

1. Oscillating*, or 

2, Rotating, 

according as single phase or polyphase current is used. 



:,626 to 1, 8S8.— General Electric base conatr 
le base ia made of cast iron. Adjusting gear ja provmea to t 
se Afi shown in the illustration?, tlie movement bein^ from B 
e. With this design of base, motors are securely held m positioi 
ly be run with an upward pull on the belt. Close fittinff guidei 
icbined slot on the base preserve a correct alignment of the n 



directioa on all parts of the motor when the belt te 
located at either end of the base. The base can be o 
nected or when provision lor belt adjustment ii not r 



Ques. Describe briefly the operation of a single phase 
motor. 

Ans. A single phase current being supplied to the field 
magnets, an oscillating field is set up. A single phase motor is 



•NOTE.— "The word mciOating is bee 

nd fields wb :>i,.>„„. ,_ k. — .4. 

e should ha' 



rids whosa osoillat'ons are beintt damped out, as in electric 'oseillationa.' But for this, 
ipoken of an oscillating (ieId.''~S. P, Thompson. The author believes the woH 



lOtwithstajiding iti 
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not self-starting ; but when the armature has been set in motion 
by external means, the reaction between the magnetic field and the 
induced currents in the armature being no longer zero, a torque 
is produced tending to ttim the armature. 

The current flowii^ through the armature produces an alternating 
polarity such that the attraction between the unlike armature and £eld 
poles is always in one direction, thus producing the torque. 



notof on base Gtted with screw adjusting ipear 
I base to taJf e up sb.clc ol belt. 

Ques. Why is a sin^e phase Induction motor not self- 
starting? 

Ans. When the armatiiFe is at the rest, the currents induced 
therein are at a maximum in a plane at right angles to the 
magnetic field, hence tbereis no initial torque to start the motor. 
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Ques. What 
provision Is 
made for 
startit^ single 
phase Induc- 
tion motors? 

Ans. Appar- 
atus is supplied 
for "splitting 
the phase" 
(later described 
in detail) of the 
single phase cur- 
rent furnished, 
converting it 
temporarily into 
Sl two phase cur- 
rent, so as to 
obtain a rotating 
field which is 
maintained till 
the motor is 
brought up to 
speed. The 
phase splitting 
device is then 
cut out and the 
motor operated 
with the oscillat- 
ing field pro- 
duced by the 
single phase 
current. 
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Ques. Describe briefly the operation of a polyphase 
induction motor. 

Ans, Its operation is due to the production of a rotating 
magnetic field by the polyphase current furnished. This field 
"rotating" in space about the axis of the armature induces 
currents in the latter. The reaction between these currents and 
the rotating field creates a torque which tends to turn the arma- 
ture, whether the latter be at rest or in motion. 



Htator laminations of sheet 3t«el are securely clamped and Tiveled under bydraulic pressure. 
This construction exposes the lajninations directly to the air and impiovea the ndiatian, 

overhuDS or partjally dosed, wording mechoiucBl pTOtection to the coils. 

Ques. Why are Induction motors called "asyn- 
clironous"? 

Ans. Because the armature does not turn in synchronism 
with the rotating field, or, in the case of a single phase induction 
motor, with the oscillating field (considering the latter in the 
light of a rotating field). 

Ques. How does the speed vary? 

Ans. It is slower (more or less according to load) than the 
"field speed," that is, than "synchronism" or the "synchronous 
speed." 
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Ques. What Is the difference of speed called? 

Ans. The slip. 

This is a vital factor ia the operation of an induction motor, since 
there must be slip in order thai the armature inductors shall cut magnetic 
lines to induce (hence the name "Induction" motor) currents therein 
so as to create a driving torque. 



G. 1.6&0.— Idea] fifteen hone power tini phase ioductkiD motor. The annature core 
supported by a CAst ifon frame carried on a ba^- with filiding ways and ecrew adjus 
meQt for ti^tening the belt. The armature core is iirDvided »ith veutilatine apert>]re 
with metal spacers between each tooth. The revolvinH fieid ia a steel Casling with rad 
ally projectinE poles, to which the pole stoea are bolMd. The overhoiiginB pole tij 

(rf square section, and of the larger aiaes. with flat 
insulated by sheet insulation. Mntofs nf this tv 
tJants and isolated plants, 1 

is belt driven. The ncrmal kw. capacity of the exciter usually exceeds 



. capacity ol 
loLid conditi' 

liable of deliverinff tL. _ _. 

alternating ci 



1 compound wound dynamos, capable of delivering ii 

_..:.v :. ...i=_-„. :_ :. .u. ^^Id to COntforaiO 



voltage on circuits of unusually low power 

Ques. What Is the extent of the slip? 

Ans. It varies from about 2 to 5 per cent, of synchronous 
speed depending upon the size. 

Ques. Why are Induction motors sometimes called 
constant speed motors? 

Ans. They are erroneously and ill advisedly, yet conveniently 
so called by builders to distinguish them from induction motors 
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Polyphase Induction Motors.— As many central stations 
put out only alternating current circuits, it has become nec- 
essary for motor builders to perfect types of alternating current 
motor suitable for all classes of industrial drive and which are 
adapted for use on these commercial circuits. Three phase 



Fio. 1.663.— S«:t.__ __ „ ,„ 

teature of the aquirrel cace armature coDstructian is the multiplicity _„ 

linas. The holes in the nngs are bored slightly smatler than the diameter of the copper 
njdi, and, the force fit gives good dontact. The rings having beea fnrced in place are dip 

2, du^t; 3, armature short circuiting ringB: 4, oil ring; 5. seU-aligning bearing bulling; 
e. ^er; 7. armature bars ; 8. field coUa ; S. Beld lamination end plate ; 10, field Uminations; 

en3 plate; 15, armature locking Ice'y; Ifl, dust cap; 17, oil well cover! 18, oil throws; 
19, field frame; 20, iqairTel cage armature. 
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induction motors are ^ghtly more efGcient at all loads than two 
phase motors of corresponding size, due to the superior distri- 
bution of the field windings. The power factor is higher, especially 
at light loads, and the starting torque with full load current is 
also greater. Purthermore, for given requirements of load and 
voltage, the amount of copper required in the distributing system 
is less; consequently, wherever service conditions will permit, 
three phase motors are i>referable to two phase. 



Pig. 1 ,064. — TeSla'a rotatios munetic field. The Gguie ia from oiu of TcbIb'b papers as given in 
The BlectridBD, iUustntinghow a rotating magnetic field may be produce! withataticniary 
macneti and polyphase cumnts. Tbe illustnition shows a laminated iroa rin^ overwoand 
wiui to\xe aepatato coiJa, AA, and BB, each occupyins about 00* of the penpbery. The 
oppouta pail* of coila AA and BB reapectively an connected in series and joined to the 
l^ids titim a two phase aHemator. tbe pair of coils AA bdng on one cjiaiit and the coila 
BB on the other. The remltant flax may be obtained by combining the two fioies due to 
ceib AA and BB, taldng account of the phase diOeience of tiM two iihsse cumnt, at in 



The construction of an induction motor is very simple, and , 
since there are no sUding contacts as with commutator motors, 
there can be no sparks during operation — a feature which adapts 
the motOT for use in places where fire hazards are prominent. 

The motor consists, as already mentioned, simply of two parts : 
an armature and field magnets, without any electrical connection 
between these farts. Its operation depends upon: 
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1. The production of a rotating field; 

2. Induction of current in the armature; 

3. Reaction between the revolving field and the induced currents. 




Fig. 1,655. — Method of obtaining resultant flux of Tesla's rotating magnetic field. The 
eight small diagrams here seen show the two components and resultant for eight 
equivalent successive instants of time during one cycle. At 1, the vertical flux is at 
-f maximum and the horizontal is zero. At 2, the vertical flux is still + but decreasing, 
and the- horizontal is + and increasing, the resultant is the thick line sloping at 45" up- 
wards to the rijght; At 3, the vertical flux is zero, and the horizontal is at its -F maximum, 
and similarly for the other diagrams. Thus at 8, the vertical flux is + and increasing, 
while the horizontal is — and decreasing, the resultant is the thick line sloping at 45* 
upwards to the left. At points 2, 4, 6, and 8 the increasing fluxes are denoted by full and 
the decreasing by dotted lines. The laminated Iron of the ring is indicated by the circles, 
and the result is thai at the instants chosen the flux across the plane of the rin^ is directed 
inwards from the points 1, 2, 3, 4, etc., on the inner periphery of the iron. There will, 
therefore, apijear successively at these jwints effective north poles, the corresponding south 
poles being^ simultaneously develoijed at the points diametrically opposite. These poles 
travel continuously from one position to the next, and thus the magnetic flux across the 
plane of the ring swings round and round, completing a revolution without change of 
intensity during the cycle time of the current. 



Production of a Rotating Field.— It should at once be 
understood that the term "rotating field" does not signify that 
part of the apparatus revolves, the expression merely refers to 
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the magnetic lines of force set up by the field magnets without 
regard to whether the latter be the stationary or rotating member. 

A rotating field then may be defined as the resultant magnetic 
field produced by a system of coils symmetrically placed and supplied 
with polyphase currents. 

A rotating magnetic field can, of course, be produced by spinning a 
horse shoe magnet around its longitudinal axis, but with polyphase cur- 
rents, as will be later shown, the rotation of the field can be produced 
without any movement of the mechanical parts of the electro magnets. 



GLASS PIATE 



MAGNETIC 
NEEDLE 




Pig. 1,656.-— Arago's rotations. The apparatus necessary to make the experiment consists of 
a copper disc M, arranged to rotate around a vertical axis and operated by belt drive, as 
shown. By turning the large pulley by_ hand, the disc M may be rotated with great rapidity. 
Above the disc is a glass plate on which is a small pivot supporting a magnetic needle N. 
If the disc now be rotated with a slow and uniform velocity, the needle is deflected in the 
direction of the motion, and stops at an angle of from 20* to 30* with the direction of the 
magnetic meridian, according to the velocity of the rotation of the disc. If the velocity 
increase, the needle is ultimately deflected more than 90** and then continue^ to follow the 
motion of the disc. 



The original rotating magnetic field dates back to 1823, when 
Francois Jean Arago, an assistant in Davy's laboratory, dis- 
covered that if a magnet be rotated before a metal disc, the 
latter had a tendency to follow the motion of the magnet, as 
shown in fig. 290, page 270 and also in fig. 1,656. This experi- 
ment led up to the discovery which was made by Arago in 1824, 
whenheobsen^ed that the number of oscillations which a magnetized 



1,296 



HAWKINS ELECTRICITY 



needle makes in a given time, under the influence of the eartWs 
magnetism, is very much lessened by the proximity of certain 
metallic masses, and especially of copper, which may reduce the 
number in a given time from 300 to 4. 




Fig. 1,657. — ^Explanation of Arago's rotations. Part of fig. 1.650 is here reproduced in plan 
Paradav was the first to give an explanation of the phenc«nena of magnetism by rotatioc 
in attributing it to the induction of currents which, by their electro-dynamic action, oppose 
the motion producing them; the action is mechanically analogous to friction. In the 
figure, let AB be a needle oscillating over a copper disc, and suppose that in one of its 
oscillations it goes in the direction ofthe arrow from M to S. In approaching the point S, 
for instance, it develops there a current in the opposite direction, and which thercdTore 
repels it; in moving away from M it produces culrrents which are of the same kind, imd 
which therefore attract, and both these actions concur in bringing it to rest. Again, 
suppose the metallic mass turn from M towards S, and that the magnet be fixed; the 
magnet will rei>el by induction points such as M which are approaching A, and will attrapt 
S ^ich is moving away; hence the motion of the metal stops, as in Paradav 's experiment. 
If in Arago's experiment the disc be moving from M to S, M approaches A and repels it, 
while S, moving away, attracts it; hence the needle moves in the same direction as the disc. 
If this explanation be true, all circumstances which favor induction will increase the 
dynamic action; and those which diminish the former will also lessen the latter. 

The explanation of Arago's rotations is that the magnetic 
field cutting the disc produces eddy currents therein and the 
reaction between the latter and the field causes the disc to follow the 
rotations of the field. 
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The induction motor is a logical development of the ^periment 
of Arago, which so interested Faraday while an assistant in 
Davy's laboratory and which led hira to the discovery o£ the laws 
of dectro-magnetic induction, which are given in Chapter X, 

*In 1885, Professor Ferraris, of Turin discovered that a 
rotating field could be produced from stationary coils by means oj 
polyphase currents. 



I of AtBgo's first observatioi 



AgnetLC rieedle, tbe ncichborhowl of a magnet at rent ooght to atop tho moticm of a 
lUtinff Tooas of metal. He suspended a cube of copper by a twi9t«l thread, which mm 
aced between the poles of a powerful elsctiomaipiet. When the thicad wai left to itaelf. 



fThis discovery was commercially applied a, few years later by 
Tesla, Brown, and Dobrowolsky. ' 



•NoTB.— Walmdey attributes the firrt production of rotating fields to Walter BaOey in 
1879. who exhibited a model at a meeting of the Physical Society of London, but very little 
was dooe. it is EtatM. until Pemina took up the subject. 

tNoTS.— The Tesla patents were acquired in the U. S. by the Westinshouse Co. in 1S8B. 
and palyphaie induction motors, ai they were called, were soon on the Eoarket. Brown of the 
Oirlikan Machine Works developed the single phase system and operated a trantmisiloa 
flant over five milei in length at Kaoel, Germany, which operated M 2.000 volt*. 



1,298 BAWKItrs ELECTRICITY 

Th« principles of polyphase motors can be best understood by 
means of elementary diagrams illustrating the action of poly- 
phase currents in producing a rotating magnetic field, as ex- 
plained in the paragraphs following. 

Production of a Rotating Magnetic Field by Two Phase 
Currents. — Fig. 1,659 represents an iron ring wound with coils 
of insulated wire, which are supplied with a two phase current 
at the four points A, B, C, D, the points A and B, and C and D, 
being electrically connected. 



FlO. 1,859. — Production of a rotating magnetic field by tmi phaaa currents. The figure repra 
Bentaan iron rins. wound with coils of insulated wire, and supplied with two phase currents 

According to the principles 6f electro-magnetic induction, if 
only one current a entered the ring at A, and the direction of 
the winding be suitable, a negative pole ( — ) will be produced at 
A and a positive pole (-(-) at B, so that a magnetic needle 
•ivoted in the center of the ring would tend to point vertically 
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upward towards A. Now suppose that at this instant, corre- 
sponding to the beginning of an altematiag current cycle, a 
second current b, differing in phase from the first by 90 degrees, 
is allowed to enter the ring at C. As shown in fig. 1 ,659, when the 
pressiu'e of the current a ia at its manmum, that of the current 
b is at its minimum; therefore, even a two phase current, at the 
beginning of the cycle, the needle will point toward A. 
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0" 45* 90* 135* I80» 225* 270** 

Pig. 1,661. — Diagram showing resultant poles due to two phase current. 



315* 



•3G0' 




Fig. 1.662. — Diagram of two phase, six pole field winding. There are six coils in each phase, 
as shown. The coils of each phase are connected in series^ adjacent coils being joined 
in opposite senses, thus, for each phase, first one coil is wound clockwise, and the 
next counter clockwise. 
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As the cycle continues, however, the strength of a will diminish 
and that of b increase, thus shifting the induced pole toward C, 
until b attains its maximum and a falls to its minimum at 90° 
or the end of the first quarter of the cycle, when the needle will 
point toward C. At 90°, the phase a current reverses in direction 
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and produces a negative pole at B, and as its strength increases 
from 90" to the 180" point of the cycle, and that of phase b 
diminishes, the resultant negative pole is shifted past C towar' 
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6, until a attains its maximum and b falls to its nunimum at 
180", and the needle points in the direction of B. 

At the 180" point of the cycle, 6 reverses in direction and pro- 
duces a negative pole at D, and as the fluctuation o£ the pressure 
of the two currents during the second half of the cycle, from 
180° to 360", bear the same relation to each other as during the 
first half, the resultant poles of the rotating magnetic field thus 
produced carry the needle around in continuous rotation so 
long as the two phase current traverses the windings of the ring. 







Pig. Mt84. — Moving pictun method of ahowmBijiotianotaiotBiymagncti 
of ihaCs of paper an prepand. each contaJniog a diawiog of the n 
magnetic needle in successively advancing angular poations, indicating c 
of tlM magnetiim. The sheets are bound togetlier so that the aiis i^ toe needle on eacn 
sheet oobcides. When passing the sheets in one way the revolving field will be seen to 
rotate in one direction, while, when moving the eheeta backward, the rotation of the 
magnetic field is in the oppMite direction, showing that the reversal of the order of the 
colli has the effect of reversing the rotation of the magnetic field. 



Production of Rotating Magnetic Field by Three Phase 
Current. — A rotating magnetic field is produced by the action 

of a three phase current in a manner quite similar to the action 
. of a two phase current. Fig. 1,685 shows a ring suitably wound 
and supplied with a three phase current at three points A, B, C, 
120" of a cycle apart. 
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t points A, Brand'C, 120° apart, and connected irith loula to A three 
LT to the two phase method. 



^i& 1,686. — Diaimn □( thne phase, four pole V connected Si 
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At tiie bistaat -vAita the eiin«at a, flowing in at A, is ait its ni»"'"i"", 
two ctirreats b and e, ftaoh on&-haIf the value of a, will flow out B and C, 
thus producing a negative pcle at A and a positive pole at B and at C. 
The resultant of the latter will ba a poaitiTe pole at B, and consequently, 
the magnetic needle will point towards A. 



Fig. I.MT. — Pndnetiea of a rotating msEiHtic Geld in a 
«icer to abtaio a unifortnly rotating maerietic fieH, it 
wiudinca is th« direction of rotation, in tbfi sequence J 
™..~«= Thnspoles I and* are connected in Eeri"» t^ 
m sxtia to phase B. The diflen 
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ro pole three phue motol. Ll 
necessary to arrange Che phase 
B. not ABC as indicated on the 
.ase A. 2 and 5 in series Co pha« 
e windings are diiferently lined* 
L wire. Chough thia is not abao- 



and it should be noted that 

lutrfy necessary. Since the , .-- -_ - _, — 

its poles, which at any instant will di^r, both in direction and, magnitude, from lie fieLds 

produce a resultant field, and if plotted out. 'the directbns of this field for various fractions 
of the period is such that in one complete period the resultant field will make one complete 
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A» Ihe cvde adv&nceo, however, tite mutual rotations of the floceu- 
ations ot the presBurea of the three currents, and tiie time of their 
rerersals of direction will be such, that when a majtimuni current is 
flowing at any one of the points A, B, and C, two current* each of one- 
half the value of the entering current will flow out of the other two 
points, and when two currents are entering at any two pointe, a current 
of maximum value will flow out of the other point. This action will 
produce one complete rotation of the magnetic field during each cyde 
of the current. 



_, — _— . 9 in each group being evenly placed rou 

the Ting irith the sections of the two ulher gioups betn-een them. One end of each grouf 
to be connected lo the line wire and the other end to the common junction J, frem whi 
it foUowa that the windmg given is an eiample of "star" winding. With three phi 
OKTeiits the winding wiU give at every instant four N poles and four S poles round I 
rJEB, ODd in actual working these poles will be on the inner periphery becauw of the prosei 

rilow of rotation, as close h3 is mechanically possible to the out --- '"-''- ' "'- 



SS.1, 



» a complete revolution round the ring in four times the periodic t 
plied. Tims, if ■ ' ■ ■ - - — - 



revSntiOTirftiie^Sd will iaiic place in .OS (- VmI of a second, which' corresponds to an 

: velocity with a bi-po!ar field at thisperiodicity. Similar^ a 

CBcb t» the supply mains, would pve an eipht pole rotary iold. In this case tiie Erouping 
would be a "moab" grouping, with eachv^e ot the xaeui inniuid of four ooita m pft r al l cL 
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Slip. — Instead of the magnetic needle as was used in tbe 
preceding figures, a copper cylinder may be placed in a rotating 
magnetic field and it will be urged also to turn in the same direc- 
tion as the rotation of the field. 



Pig. 1.70ft. — I>ia«rain of three phase, ni pole field winding. Then are IS groups, and ths 
seijiieiice of phuea is ABC in a counter clockwiu direetion. For a. Y connection, ths 

when the cmrent is in the same direction in A and C, and opposite in B. The be^ning 
of the middle coil C. and not the end, as with the other tiro, is connected to the common 

K that one revolution of Oie field requires three cycles. 

Tke torque tending to turn the cylinder is due to the induction 
of currents of opposite polarity in the cylinder. 

For simplicity, the rotating magnetic field may be supposed 
to be produced by a pair of magnetic poles placed at opposite 
sides of the cylinder and revolved around it as in fig. 1,710. 
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Now, for instance in starting, the cylinder bang at rest any 
element or section of the surface as the chaded area A B, will, 
as it conies into the magnetic field of the rotating magnet, cut 




?IC. 1,710.7-eopper cylinder and rotating mai 
leratJcD 1b foi limplicit" here proceed 
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log's rule (fig. 132. page 133). 
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» 271). ApplyinK Ihe right hart 
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jn by the iodnced pole on tile approachliw side. Accordhifly, Uta cylinder begina 

to rotate. The valodtr wMi vhldi it turas depends upon tbe load; It nmt atwBT* turn 
ilMnr than tha innanal. fn eiid«r that Ita elemenla ma? cut maentie lines and Induce 

._■ — _t.__ .1. -T55„,^ torquB to btfsnce the iotd. The dlBenoeo in speed of 
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tb* muiMt and CTlin 
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li the dip reqn^M to Indcws ^ss of nifficlnit strength to tniJataln Myiilibrium. The 
flsuAlidnmt MmMvlmt dlttorteda 10 that both eddisa are visible. 



HAWKINS ELECTRICITY 



magnetic lines ot 
f wee inducing a cur- 
rent therein, whose 
direction is easily 
detemiined by ap- 
plying Fleming's 
rule. 

Since the field is 
not uniform, but 
gradually weakens, 
as shown, on eithei 
side of the shaded 
area (which is just 
passing the center), 
the pressure induced 
on either side will 
be less than that 
induced in the shad- 
ed area, giving rise 
to eddy currents 
(as illustrated in 



Ihe pale stood Btill while the 
cyliadM revolved from left to 
right, that is. CQunt.r clock- 
nise. looking down oa it. Re. 
garding it tTius (polo gUt ion- 
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fig. 291, page 271). These eddy ctirrents induce poles as indi- 
cated at the centers of the whorls, the polarity being determined 
by applying the right hand rule (fig. 119, page 117). 

By inspection of fig. 1710, it is seen that the indtcced pole toward 
which the magnet is moving is of the same polarity as the magnet; 
therefore it is repelled, while the induced pole from which the 
magnet is receding, being of opposite polarity, is attracted. A 
torque is thus produced tending to rotate the cylinder. 

It must be evident that this torque is greatest when the cylinder 
is at rest, because the magnetic lines are cut by any element on 
the cylindrical surface at the maximum rate. 

Moreover, as cylinder is set in motion and brought up to speed, 
the torque is gradually reduced, because the rate with which the 
magnetic lines are cut is gradually reduced. 

Ques. What is the essential condition for the operation 
of an induction motor? 

Ans. The armature, or part in which ctirrents are induced, must 
rotate at a speed slower than that of the rotating magnetic field. 

In the elementary induction motor, fig. 1,710, the cylinder is the 
armature, and the rotating magnets are the equivalent of a rotating^ 
magnetic field. 

Ques. What is the difference of speed called ? 

Ans. The slip. 

Ques. Why is slip necessary in the operation of an in- 
duction motor ? 

Ans. If the armature had no weight and there was no friction 
offered by the bearings and air, it would revolve in synchronism 
with the rotating magnetic field, that is, the slip would be zero; 
but since weight and friction are always present and constitute 
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a small load, its speed of rotation will be a little less than tbA^ of 
the rotating magnetic field, so that induction will take place, in 
amount suflScient to produce a torque that will balance the load. 
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Pig. 1,719. — General Electric vertical type induction motor; sectional view showing oiling 
system. It is provided with ball thrust bearings and top and bottom guide bearings, and 
a continuous flow of oil is maintained through all the bearings by means of a pump which 
is made integral with the motor. The ball thrust bearings are designed to support the 
weight of the armature only. In cases where the armature is direct connected a flexible 
coupling should be used to prevent additional weight coming on the thrust bearings. In 
operation, when the motor starts, the oil, revolving with the pan, flows against the station- 
ary nozzle and is forced by its velocity at a high pressure through the oil pipe into the 
reservoir on top. It then flows down through the ball bearing and upper gmde bearing, 
through a slot in the armature spider into the lower guide bearing and thence into the 
oil pan. Tbus a continuous stream of oil is delivered through all bearings. 



Ques. How is slip espressed ? 

Ans. In terms of synchronism, that is, as a percentage of the 
speed of the rotating magnetic field. 
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The slip is obtiuned from the foUomng formula: 
Slip (rev. per sec.) = Sj.— Sa 

or, eapressed as a percentage of synchronism, that is, of the aynchionouf 

speed, 



SUp (%) 



. (S/ -- S.) X 100 






Sf = Synchronous speed, or R.P.M. of the rotatory magnetic field; 
Sa « Speed of the armature. 



. „ , — , . A (treat many appUaa. , 

especially for direct attachment, leQuire the use of either a very Alow or special speed 
ntotor. As these ire quite coatly, the preferable arrangement, and one equally as satis- 
factory, is the i ' ■ ■^ ■ ■ -■»■.... 



Sf — Synchronous speed oj R.P.M, of the rotating magnetic field; 
P = Number of poles; 
/ — frequency. 
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TTie following table gives the synchronous speed for various frequen- 
cies and different numbers of poles: 

Table of Synchronous Speeds 



r 

Frequency 


« 

R.P.M. of the rotating magnetic field, when number 

of poles is 


2 


6 


10 


16 


20 


24 


25 

60 

80 

100 

120 

125 


1,500 
3,600 
4,800 
6,000 
7,200 
7,500 


500 
1,200 
1,600 
2,000 
2,400 
' 2,500 


300 

720 

960 

1,200 

1,440 

1,500 


188 
450 
600 
750 
900 
938 


150 
360 
480 
600 
720 
750 


125 
300 
400 
500 
600 
625 



Ques. How does the slip vary? 

Ans. It varies from about 1 per cent, in a motor designed 
for very dose regulation to 40 per cent, in one badly designed, 
or designed for some special purpose. 

Ques. Why is the slip ordinarily so small? 

Ans. Because of the very low resistance of the armature, 
very little pressure is required to produce currents therein, of 
sufficient strength to give the required torque. Hence, the 
necessary rate of cutting the magnetic lines to induce this pres- 
siu*e in the armature is reached with very little difference between 
the field speed and armature speed, that is, with very little slip. 

Ques. How does the slip vary with the load? 

Ans. The greater the load the greater the slip. 

In other words, if the load increase, the motor will run slower, and 
the slip will increase. With the increased slip, the induced currents 
and the driving force will further increase. If the motor be well de- 
signed so that the field strength is constant and the lag of the arma- 
ture currents is small, the driving force developed or torque will be pro- 
portional to the slip, that is the slip will increase automatically as the 
load is increased, so that the torque will be proportional to the load* 
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According to Weiner, the slip varies according to the following table; 
SLIP OF INDUCTION MOTORS 





SUp at full load 




Siip at full load. 


Capadty 

of motor 

H. P. 


per cent. 


Capacity 

of motor 

H. P. 


per cent. 


Usual limits 


Average 


Usual limits 1 Average 


1/8 


20 to 40 


30 


15 


5 toll 


8 


1/4 


10 " 80 


20 


20 


4 " JO 


7 


1/2 


10 ■' 20 


15 


30 


3 " 9 


6 


1 


8 '■ 20 


14 


50 


2 " 8 


5 


2 


8 " 18 


13 


75 


1 '■ 7 


4 


3 


8 ■' 16 


12 


100 


1 " 6 


3.5 


5 


7 '■ 15 


11 


150 


1 " 5 


3 


7i 


6 ■■ 14 


10 


200 


1 " 4 


2.6 


10 


7 '■ 12 


9 


300 


1 " 3 


2 



oC induction motors. A black diss hsvinc 

__ __ . ^ . _ _ . .le as theDumb« of pqla of the ioductna 

[a fastened with was to shaft of the induction motor» and is Dbaerved through 
anotberdisc having an equal number of sector ah&ped slits (that is a similar diK with t£a 

which is fitted ^tha levolution counter that can be thiown in or out of Dear at will; then 
the slip (in terms of Nr) = N + (Ns + Nr), in whieb: N ^ number of passases of tha 
sectors; Ni - numba' of seclora; N, - number of revohitiona rECDrd«l 1>y the counter 
dunsB tile tntanral of observation. For large values of alip, the observations may b* 
■impIffiDd hy using oair one Mctor (N| — 1], then N will equal the alip in revolutions. 
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Ques. Describe one way of measuring the slip. 

Ans. A simple though rough way is to observe simulta- 
neously the speed of the armature and the frequency, calculating 
the slip from the data thus obtained, as on page 1,31S. 



Fic. 1,737. — Detail of Weatioghouse sqiiirreJ cage armature for induction motor. Thia is 
an Bxample oljasi on conatniction aimilat to Ihat of Morse-Pairbanka (aee liBS. 1.7S2, 1,753 
and 1,9151. Tlie mductora are embedded m a special cement. 

Evolution of the Squirrel Cage Armature.— In the early 
experiments with rotating magnetic fields, copper discs were used: 
in fact, Jt was then discovered that a mass of copper or any con- 
ducting nwtal, if placed in a rotating magnetic field, will be urged 
in the direction of rotation of the field. 

Ferraris used a copper cylinder as in figs. 1,710 and 1,738, 
which was the first step in the evolution of the squirrel cage 
armature. The trouble with an annaturc of this Idnd is that 
there is no definite path provided for the induced currents. 
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eSc field! "will bou^^ to re 



field. _ They 



per cylinder as shown in fi^a. 
TSS; thia waa the first squirrel cagi 
'igs. 1.739 to 1,744 show the giadnal 
ol the prim I tivB device diawn in fig. 

path of induced currenta;fiff, Ir74D, 
r's 60-ciJled squirrel cage which bs 
in a solid iron core, as in fig. 1.741; 
:d>Te to prevent eddy currents in the 
itilating ducts; fig. 1,744. modem squirrel cage 
armature representing the latest practice as bunt by Mechanical Appiianca Co. The core 
is buift up oi discs punched from No. 29 gauge electrical sheet, insulated from each other 

o" the'saine gene^ral form as those fn the core, ileavy^fibre end pieces, punched to match 
the di!c3 are placed at each end of the core, to prevent the bars coming in contact with 
theshaipedgeaot the teeth. The winding ismade up of rectangular copper bars, passing 

of special design. Thebarsare pressed into holes punched in the end rinira. and the contact 
is then protected from corrosion by being dipped in a solder bath. The bars are insu- 
lated from the iron of the core by fibre cell projecting beyond the end of the slot. To 

Iilo?v, ffV-^!^ a largs val^ig; ^f six- through the fi^ coiU and vectilatuig opeiiiogs. 
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Obviously, a better result is obtained if, in fig. 1,738, the down- 
ward returning currents of the eddies are led into Bome path 
where they will return across a field of opposite pdarity from 



—Mechanical Appliance Co. solid cote discs an used o; 



c 1,T4S. — AUis-Chalners •quitrel co^ armature construction. The oore laminae are 
mounted on a cast ifon spider having arm^ j^aped to act as fan blades for forcmg air 
through the motor. The epider is pressed on to the shjif t. In the smallest sizes the punch- 

The <nd9 fl the inductor* are turned down somewhat Bnnfiw- than the bod>- and fit in 
hetesin the end rings. The shoulder thus formed fits firmly apamst the end rmgs. Good 

ennaturee both bars and end rings are of rectangular cross eectton, the bars and ringi 
being fastened by niachine steel cap screws. ' 
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that across which they ascended, as in such case, the turning 
eSect will be doubled. Accordingly the design of fig. 1,738 was 
modified by cutting a number of parallel slits which extended 
nearly to the ends, leaving at each end an uninterrupted "ring" of 
metal. This may be called the first squirrel cage armature, and 
in the later development Dobrowolsky was the first to employ 
a built-up construction, using a number of bars joined together 
by a ring at each end, as in fig. 1,740, and embedded in a solid 



In cODBtmction thin Bheet Bt«e1 laminAtioiu, 

f^r-,.^^^.-^ » 1- — ^..»*.».^....., «..^«.D rigidly clamped together by heavy TTUiUeablQ 

iron end plates. Somi^endoaed slots are punched in the outer periphery to receive the 
windinsa, ao that none o( the centrifugal force is cairied by the mductora. These in- 
ductora are set edge on. and are riveted and soldered into resistance rings. These rings 

metal completely sumiinding them. Moreover, the short circuiting rings are set some 
distance from the end of the core, so thai the inductors between the core and ring act aa 
vaoei to force air through the coils for ventilation, 

mass of iron, as in fig, 1,741; he regarding the bars merely as 
veans of copper lying buried in the iron. 

A solid cylinder of iron will of course serve as an armature, as it is 
m^ineticall^ excellent; but the high specific resistance of iron prevents 
the flow of induced currents taking place sufficiently copiously: hence 
ft solid cylinder of iron is improved by surrounding it with a mantle of 
copper, or by a squirrel cage of copper bars {like fig. 1,740), or by 
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Fig. 1,71S.— Geneml E 



gular holsa punched near thoir outer peripheriea through which the ban paas. , 



ng coLiBtructioD on squirrel cage vmAturea, 
[lulliple soldered rinRa of sufBcient area for 
■ resorted to, OS Bhovn. The ring £□ welded 
;h end of the ammture. Short radial bars 
he isductora or gquinel cage bars, tbonby 
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embedding rods of copper (short circuited together at their ends with 
rir^) in holes just beneath its surface. However, since all eddy currents 
that circle round, as those sketched in fig. 1,738, are not so etBdent in 
their mechanical effect as currents confined to proper paths, and as they 
consume power and spend it in heating effects, the core was then 
constructed with 1a.[nin3tions lightly insulated from each other, and 
further the squirrel cage copper bar inductors were fully insulated 
from contact with the core. Tunnel slots were later replaced by designs 
with open tops. 




Fig. 1,744 shows a modern squirrel cage armature conforming to the 
latest practice, other designs being illustrated in the numerous accom- 
panj^ng cuts. 

In the smaller sizes, the core laminEe are of the solid type 89 shown 
in fig. 1,745, but for larger motors the core consists of a spider and 
segmental discs as shown m ligs. 1,750 and 1,751. 

Pig. 1,748 ^ows a soldered form of end ring construction, and figs. 
1,792 and 1,763 the method of weldii^ the end ring to the inductors. 
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The Field Magnets.— The construction of the field magnets, 
which, when energized with alternating current produce the 
rotating magnetic field, is in many respects identical with the 
armature construction- of revolving field alternators. 



Pig, I,7B2. — Fairbanka-Morae equirrel cage armature with cast-on rings ahowing InspecUon 
m™.«». xh. ~.th-.j "™..?..>, in f-.tl-^ .k. — i^. -f .ti inriuctors into an end ring of a 
and mechanicaUy strong joint. 
t inM a mould snd the molten 
id eflectually fusing them into 



special compoaitio 


n, thereby pro 
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Broadly, the field magnets of induction motors consists of: 



1. Yoke or frame; 

2. Laminae, or core stampings; 

3. Winding. 



motoca, Bhoirios ityle of 



Ques. What is the construction of the yoke and 
laminae? 

Ans. They are in every way similar to the armature frame 
and core construction of revolving field alternators. 

Field Windings for Induction Motors.— The field wind- 
ings of induction motors are almost always made to produce 
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ar.d ihe pulley end bra':ket and bfarinss of all siies are split to facilitate removal of the 
iLtor and complete inspection. These machines ranee in size from ao Co 200 horse power, 
tb: ruHserf — sinioii-.i- r-ii.-:"" the-n ■" h— - —-i "v- -r"ice. such ai is met with 
i) b-jUogt tlie 'mslmctioa of dams, canals, aqueducts, tunne!?. etc 



I cage armature for polyphase induction motor, as employed oi 
ilating passages through the core laminae, riveted connectim 



tions. 11 ia an easy matter to reduce the section of the end lingl, 1 
laths, thereby iucreating the rcsiitaaca ami itutins torqm. 
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more than two poles in order that the speed may not be un- 
reasonably high. This will be seen from the following: 

If P be the number of pairs of poles per phase, /, the frequency, and 
N, the number of revolutions of the rot^tii^ field per minute, then 
,, MX/ 



ipper bars are doubla riveted Bt either 

(juencj- remaining the same, N » 60 X 100 -i- 10 = 600. Hence, 
in design, by increasing the number of pairs of poles the speed of the 
motor IS reduced. 

Ques.^ State an objection to very high speed of the 
rotating field. 

Ans. The more rapid the rotation of the field, the greater is 
the starting difficulty. 
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Ques. Besides employing a multiplicity of poleSi what 
other means is used to reduce ttie speed? 

Ans, Reducing the frequency. 

Ques. Wliat difficulty is encountered witli low fre- 
quency currents? 

Ans. If the frequency be very low, the current would not be 
suitable for incandescent lamp lighting, because at low frequency 
the riae and fail of tlie current in the lamps is perceptible. 



Pio. 1.76S.— Field constrarti 




ker Wheeler induction motor with mapuUc bridgt 






ves whetG the coils ara placed, W protect them from 


din and mecbaniqal injur 


y and at t 




ffiaK"--';-^" 




, therebir insuring a better, diitribution, of the flus 



n thfl air gap and at the oamc lime retaining open slot construction from vhich tiie coila 
oac be readily removed. 

Ques. What is the general character of the field 
winding? 

Ans. The field <x>re slots contain a distributed winding of 
substantially the same character as the armature winding of a 
revolving field polyphase alternator. 
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Ques. Are the poles formed in the usual way? 

Ans. They are produced by properly coimecting the groups 
of cxrils and not by windings concentrated at certain points on 
salient or separately projecting masses of iron, as in direct 
current machines. 

Ques. How are the coils grouped ? 

Ans. Three phase windings are usually Y connected. 



Pic. 1.7ES.— Wettein ElBdrloKtairrdiawearDUture. 
bars embedded in •' '-' — ' - ' — ■—'--■ 



Ques. What other arrangement Is sometlmeB used? 
Ans. In some cases Y grouping is used for starting and A 
groupii^ for running. 



Starting of Induction Motors. — It must be evident that 
if the field winding of an induction motor whose armature is at 
rest, be connected directly in the circuit without using any 
starting device, the machine is placed in the same condition as a 
transformer with the secondary short circuited and the primary 
d to the supply circuit. Owing to the very l.ow resistance 
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oi the armature, the machine, unless it be of very small size, 
would probably be destroyed by the heat generated before it 
could come up to speed. Accordingly some form of starting device 
is necessary. There are several methods ctf startii^, as witii: 

1, Resistances in the field; 

2. Auto-transformer OT 
8. Resistance in armature. 
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Ques. Explain the method of inserting resistances In 
the field. 

Ans. Variable resistances are inserted in the circuits leading 
tp the field m^nets and mechanically arranged so that the 
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reastances are varied simultaneously for each phase in equal 
amounts. These startii^ resistances are enclosed in a box 
dmilar to a direct current motor rheostat. 

Ques. Is this a good method ? 

Ans. It is more economical to insert a variable inductance 
in the circuit, by using an auto-transformer. 



Bt oornAl voltage is severaJ times its full load torque; thcKfore, they are started on a 
reduced voltage, and the full preiaure of the circuit is not applied until they have prac- 
tically reached their operating speed. The figure ahowa tomieirtions with a two phase 

each having only a ungle winding for both primary and secondary, which are tapped at 
certain points by awitcnes. thus dividinfi the winding into a number of loops, so that one 
r£ sevenu voltaEca may be applied for Btarting» and the starting torque thus adjusted to 
tba work that has to be performed. At the highest points tapped by the switches S, and ' 
S*. the full pressure, and at the lowest points, the lowest pressure, is appUed to the motor 
by the qpeistion of the main switch NT This switch has four blades and three positions. 
When thrown to the left as indicated, it connects the auto-transformera T and T", 
acTOfl* the circuits A and B respectively, so that the pressure across the traJisfonner 
cnls, Bsdetemunedby the position of the switches Sand S', is applied Co the motorcircuits 
AandB. The JntermediHte position of the switch M interrupts both circuits. Tortarttho 
motor, the switch M is thrown to the left and a reduced pressure applied; after the motor 

can be located at a point remote from the motor, thus eliminating dajiger from fire due 
to possihle iparks, in case wheie it is necessary to install the motors in grain elevators, 
wouenqulb. or in any place exposed tn inflammable gases, or floating particles of combusti- 
ble matter. This feature is also valuable in cases where moton an auspended from the 
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Oues. What is the auto-transformer or compensator 
method of starting? 

Ans. It consists of reducing the pressure at the field ter- 
'minals by interposing an impedance coil across the supply circuit 
and feeding the motor from variable points on its windings. 



1.TS2. — Auto-transformer or compensator connections [or three tjhaiie Induction motor. 
n operation when the double throw flwitch ie thrtipm over to stArtlnp poeltion. the 
urrent for each phaao of the motor flows through an auto-transtormer. which cotaistB of a 
boldng coil for each phase, arranged ho that the current may be tmtAs to paaa throujfh 
ny portion of it (as 1. 2, 3) to reduce the voltage to the proper amount for starting. After 



p to Bpeed on the reduced voltage, die awitch i 

r , Bupplymg thefulllme voltage to the motor. *Inac . _.._„ 

s usually connected, so that they will be In ciivult in the rtinning pofllt[on, but not 
arting position, where they mitffit be blown by the large starting current. 



Internal Resistance Induction Motors.— The armature 
of this type of induction motor differs from the squirrel cage 
variety in that the winding is not short circuited through copper 
rings, but, in starting, is short circuited through a resistance 
mounted directly on the shaft in the interior o£ the armature. 

When the motor is thrown in circuit, a very low starting current is drawn 
from the line due to the added resistance in the armature. As the motor 
comes up to speed, this resistance is gradually cut out, and at full speed 
the motor operates as a squirrel cage motor, with short drcuited winding. 

•NOTB.— Tbe congtructton of sUrting devices tor induction motors Is fully erpUined btec, 
ts serving mdely to Ulustmta the princiiilea involvud. 
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Ques. How is the resistance gradually cut out in 
Internal resistance motors? 

Ans. By operating a lever which engages a collar free to 
slide horizontally on the shaft. The collar moves over the 
internal resistance grids (located within the armature spider), 
thus gradually reducing their value until they are cut out. 



no. 1,793. — View of armature interior of Wsmer polyphase induction motor with wound 
umatiire, Bbowing th« centrifugal device wnich at the proper speed short circuits aU the 
coilB, tiansfoTDinc the motor to the squirrel cage type. The winding is connected with 
a vertical "comnnitatDr " so called, fnaide the armature are two governor weights, which 
are thrown outwards by the centrifugal force when the machine reaches the proper speed. 

ends of the commutator'! bars, thus completely short circuiting the armature windiug- 

Ques. For what size mdtors is the internal resistance 
method suited? 

Ans. Small motors, 

Ques. Why is it not desirable for large motors? 

A|is. , The excessive I^R loss in the reeistances, if confined 
\iithiB,Ah€!. armature spider, would produce considerable heating, 
^^.oa,-#iiS;a£count it is best placed external to the motor. 
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Ques. On what fdass of circuit are internal resistance 
motors desirable? 

Ans. On circuits devoted to lighting service as well as power 
service, where a high degree of voltage regulation is essential. 

The initial rush o£ current when a squirrel cage motor is thrown on the 
line is more or less objectionable and there are central stations which 
allow only reastance type of iiu&icticMi motor to be used on thdr lines. 



External Resistance or Slip Ring Motors.— In large 
machines, and those which must run at variable speed, such as 
is required in the operations of cranes, hcnsts, dredges, etc., it is 
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advis^le that the regulatir.g 
resistances be placed exter- 
nally to the motor. Motors 
having this feature are com- 
mercially known as slip ring 
motors, because connections 
are made between the external 
resistances and the armature in- 
ductors by means of slip rings. 
As with the internal re- 



Oues. How 
is the arma- 
ture winding 
connected? 

Ans. It is 
connected in Y 
grouping and 
the , free ends 
connected to the 
, dip rings, leads 
going from the 
brushes to the 



Pig. 1,770:— Ricbnumd slip nog motOI. 

sistance motor the 
armature winding of 
a slip ring motor is 
not short circuited 
through copper 
rings in starting, 
but through a resist- 
ance, which in this 
case is located ex- 
ternally. 
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variable external resistances, these being illustrated in fig. 1,779. 

Single Phase Induction Motors.— The general utility of 
single phase motors, particularly the smaller sizes, is constantly 



^"'^taSf* 



„ , h iwyond the iron Bt each Bide. The ban 

are short circuited at their ends by copper titiga. These rings are thin, hut of coniiderable 
radial depth and are held apart by spacing wafers. They nave rectangular holes ptuiched 
near their outward periphery, throiighwbicb theBrmaturebarspBaB,andtowhichthcyarfl 
soldered. _ The internal resistance armature, fig. 1,778, ia provided with a phaia winding, 

Bign^ to give approniniately full load torque with full load current at starling. A greater 
torqtie than full load torque can be obtained for starting, if required, by cutting out resist- 
ance. The resistance consists of cast iron ^ids enclosed ma triangular cover whieh is bolted 
to th« Mid olateB holdini? the armature lainins lOBether. and ia short circuited by Bliding 
)f the grids. The bniaheB are 

through 
1.1 2Sbi 

ine eitemai resistance or sup nng armature, ng. nij. is similar in constmciion to nff. 

1,778, with the exception that slip rin^ are^ provided because of the eitemalJpeMiOo 

external resistanoe, two or 



.leraledhya 

the bearing. A rod passing through the end of 
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DC 







Pig. 1,770.— Eiternal 
bn^he« to three ei 



or slip ring induction motor connecttonc The niuuTal 
LOt ihort circuit«d by copper end rinsa. but conaected in 
» Aids connected to tbre« ^p rinss. ]eads ffoina from tlie 
"" "^an^edaa triplex rheor"""" ' — :---' ;_'a.^ 



lo that the three n 



H maj' be varied simultaneous and ir 



Pig. 1 300. — Allia-Chalniers phase wound eitemal resistance type or slip ring i 
■truclian. The winding Isfor three phases and the termin Js are brought ou 



nduce the speed A( 



normal f uU load torque. 
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being enlarged by 
the growing prac- 
tice of central 
stations generating 
polyphase current, 
of supplying their 
lighting service 
through single 
phase distribution, 
and permitting the 
use of single phase 
motors of mod- 
erate capacity on 
the lighting 
circuit. 

The simplicity 
of single phase 
systems in com- 
parison with poly- 
phase systems, 
makes them more 
desirable for small 
alternating ciurent 
plants. 

The disadvantage 
of single phase 
motors is that they 
are not self -starting. 

A single phase . 
motor consists 
essentially of an 
armature and field 
maenet having a 
sinife phase vnndm% 
and also some phase 
splitting arrange- 
menijor itarUngf 
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29,— General Electric uogle phase in 
modtraia tta rti ng torqun. 



lie for ctmsumt speed 
U I'iud vith light or 



MOTOR FIELD WINDIMOft 
MniUAIVr COILS 




kLTBRMATOn 



proAice a lOUticB m 



'o phasea, which are em^i^T^ b 
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Ques. Why Is a single phase motor not self -starting? 

Ans. Because the nature of the field produced by a single 
phase current is oscillating and not rotating. 
Ques. How is a single phase motor started? 

Ans. By splitting the phase, a field is set up normal to the 
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axis of the armature, and nearly 90' displaced in phase from the 
field in that axis. This cross field produces the useful torque. 



o 



GS. t.BS2 to 1,9BB. — ParM of General Electric cenlrifugal clalch pulley ai 
tyoe, Biniile phase induction motor. A, clutch; B, friction band: C, a 
D. outer clutch Bhell with pulley sleeve; B. solid ronovable pulley; P.int> 
-- A, B. and C; C, outer shell and pulley. 



Pics. 1.8W and i.SW.— Partly ,. , . - , -_ 

partaA, B,C,offig. l.Sfi2. G. outer shell and pulley, comprising parts Dat 

Phase Splitting; Production of Rotating Field from 
Oscillating Field. — As previously stated, an oscillating field, 
that is, one due to a single phase current, does not furnish any 
starting torque. It is therefore necessary to provide a rotatin" 
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field for a single phase induction motor to start on, which, after 
the motor has come up to speed, may be cut out and the motor 
will then operate with the oscillating field. . , . , , , 

A rotating field may be obtained from sm^ phase current by 
what is known as splitting the phase. 



IL type fractional liom pown 

Ques. Describe one method of splitting the phase. 

Ans. The field of the motor is provided, in addition to the 
main single phase winding, with an auxiliary single phase winding, 
and the two windings are connected in parallel to the single 
phase supply mains with a resistance or a condenser placed in 
series with the single phase winding, as shown in diagram 
fig. 1,830. the two windings being displaced from each other 
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on the armature about 90 magnetic degrees, just as in the 
ordinary two phase motor. 
Ques. What is the construction of the two windings? 

Ans. The main coils are of more turns than the auxiliary, 
being spread over more surface, and are heavier because they 
are for constant use; whereas the auxiliary coils are used only 
while starting. 



Pigs. I.SSS to 1,862. — Detail conitmction of clutch parts of General Electric drawn shell type 
fractional horse power singk phase motor. The sUrling switch, which is assembled within 

insolated collector ring. 

Ques. What are the auxiliary colls sometimes called? 

Ans. Starting coils. 

Ques. What are "shading" coils? 

Ans. Auxiliary coils as placed on fan motors in the manner 
shown in fig. 1,863. 
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Ques. How can single phase motors be started without 
the use of external phase splitting devices? 

Ans. Such apparatus may be avoided by having the attxiliary 
mnding of larger self -inductance tlian the main winding. 

Ques. What is the character of the startli^ torque 
produced by splitting the phase? 

Ans. It does not give strong starting torque. 
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Ques. How is the plain squirrel cage armatiure modified 
to enable the motor to start with a heavier load? 

Ans. An automatic clutch is provided which allows the 
armature to turn free on the shaft until it accelerates almost to 
running speed. 
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Tbia type motor is known as the dutch lypt of single phase inducttoa 
motor. In operation when the circuit is dosed, the armature starts to 
revolve upon the shaft; when it reaches a praneditated speed, a 
centnftiEal dutch espands and engages the dutch disc, which is fastened 
to the ^laft. 




Pig. 1364, 

aUed 



Dugrun ihowlDg BctioD of ahaJin^ coil In ■Itsiuiting cumat motor. Th« 
iiti« tit theie pole Diacm ue divided into two braixches, oneof which ■ copper ring 

■ ilmlini n»rii Dtaced u ■bown, while Che other is left unilvided. The action of 
adiDg coila ia at foUowi; Consider the field poles to be enereized by Bingle phase 
it, and *""■"* the current to be flowing in a direction to mfuu a north pole at the 

Consider the poles to be just at the point of forming. Lines of force will tend to 
lownward through the shading coil and the lemainder of the pole. Any change of 
vithin the shading coil generates ane. m. f., whi<^ causes to flow through the coil a 
It of a value depending: oa the e. m. f , and always in a direction to oppoee the change 
». The field fiui is, therefore, partly shifted to Che frseponioo (4 the pole, while 
cumulation of lines throogh the uiading col ia retarded. 



Vks. 1.S8S uid l.see.— Port Wayne split phase factional horse 
stationary armaCurc. The object of placius the sr^uirrel cs 
stationary part or frame is to decrease the radial depth of th 
poKdble with tHe usual arrangement where the armature foi 
small radial depth of Che stationary armature mokes oosaible i 

diameter glviDg in lam an exceptionally large air gi., , 

■ ' '— - rovec the power factor of Che motor. 



t, taeuM Imptovec the power fi 
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Ques. Explain In detail the action of the clutch type of 
motor in starting. 

Ans, It can start a load which requires much more than full 
load torque at starting, because the motor i>eing nearly up to 
full speed, has available not only its tnaximum overload capacity, 
but also the momentum o£ the armature to overcome the inertia 
of the driven apparatus. In this it is assisted by a certain amount 
of slippage in the clutch, which is the case when the armature 
speed is pulled down to such a point as to reduce the grip of the 
centrifugal clutch. 



Pics. 1,867 and I.SfiS. — General Electric dissembled clutch as used on cluUb type, sincle phase 
(KS) induction motor. In Etarting. the amiBture revolves freely on the shaft until approij. 
mstely 75 per cent, of normal rated speed is reached. The load is then picked up by the 
automatic action of a centrifueal clutch, which rifcidly eneaees an outer shell, keyed 
directly to the shaft. The biass friction band of the clutch is permanoitly keyed to the 
pulley end of the aimature. 

Commutator Motors. — Machines o£ this class are similar 
in general construction to direct current motors. They have a 
closed coil winding, which is connected to a commutator. 

There are several types of commutator motor, namely: 

1. Series; 

2. Shunt; 

3. Compensated; 
d. Repulsion. 
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Since, as staled, commutator motors are sunilar to direct 
current motors, the question may be asked : Is it possible to run a 
direct current motor with alternating current? If the mains 
leading to a direct current motor be reversed, the direction or 
rotation remains the same, because the currents through both 
the field magnets and armature are reversed. It must follow 
then that an alternating current apphed to a direct current motor 
would cause rotation of the armature. 



O. l,Sa9.— Wisner ainsle phau vori&ble nwed commatotor motor. The commutator is o( 
tbe rccnlu boritontaJ type and the bmsbea remun in contact all the lime. Aa the torque 
of ahflnaling moton varies directly aa the square of the apphed preasure^ wide tpad 



Action of Closed Coil Rotatli^ in Alternating Field.— 

When a closed coil rotates in an alternating field, there are several 
different pressures set up and in order to carefully distinguish 
between them, they may be called: 



1,360 



HAWKINS ELECTRICITY 



MAm FIELD 

wiNDrno 
1 





RETMNIN6 WEDOE 
COMMUTED WINDING 

MAGNETIC 6EPARAT0ft 

^ ^ 5QUmRCL CAGE 

AUXILIARY 2 
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Pigs. 1,870 and 1.871. — Diagrams illustratmg construction and operation of Wagner "unity 
power factor nngle phase motor. In the field construction, fipr. 1,870, two windings are 
used. The main winding 1 produces the initial field magnetization as heretofore; the 
auxiliary winding 2 controls tne power factor or "compensates" the motor. The main 
structural departure is in the armature, the construction of which is more clearly indicated 
in fig. 1,871. Here again two windings are employed. The main or principal winding 4 
is of the usual well known squirrel cage type and occupies the bottom of the armatxire slots. 
The second or auxiliary winding 3 is of the usual commuted type, is connected to a standard 
form of horizontal commutator and occupies the upper portion of the armature slots. 
Between the two is placed a magnetic separator in the form of a rolled steel bar. Two 
sets of brushes are provided, as indicated in the dia^am of connections shown in fig. 1.870. 
The main pair of brushes 6-6 is placed in the axis of the main field winding 1 and is 
short circuited. The auxiliary pair of brushes 7-8 is placed at ri^ht axigles to the axis of 
the main field winding and is connected in series with it at starting. The auxiliary field 
winding 2 is permanently connected to one auxiliary brush 7, and is adapted to be con- 
nected to the other auxiliary brush 8 by means of the switch 9. The purpose of the 
peculiar armature construction illustrated in fig. 1,871 and of the brush arrangement and 
connections shown in fig. 1,870 is to accentuate, at starting, the effect of the squirrel cage 
along the axis 5-6 of the main field winding 1, while suppressing it as far as po^ible along 
the axis 7-8 at right angles to main winding. The magnetic separator placed above the 
squirrel cage wincung 4 tends to suppress the effect of that winding along all axes, by making 
it less responsive to outside inductive effects. But the influence of the separator is nullified 
along the axis of the main field winding by the presence of the short circuited brushes 5-6, 
while no means are provided for nullifyinG[ its effects along the axis at right angles to that 
of the main field wmding. Thus the mam field winding 1 will be able to induce heavy 
currents in both armature windings because of the short circuited brushes in the axis 6-6, 
and in spite of the magnetic separator; while the armature winding 3, connected in series 
with 1, will not be able to produce heavy currents in the squirrel cage winding 4 along the 
axis 7-8 because of the magnetic separator between 3 and 4, which shunts or side tracla the 
inducing magnetic flux. In operation, at starting, switch 9 of fig. 1,870 is open, the com- 
muted winding 3 along the axis 7-8 bein^ir connected in series with the main field winding 1 
and across the mains. The winding 1 mduces a large current in the armature windings 
3 and 4 along the axis 5-6, and the winding 3 produces a large flux along the axis 7-8. 
The armature currents in the main axis co-acting with the flux threading the armature along 
the auxiliary axis yield the greater part of the starting torque. As the motor speeds up, 
the squirrel cage gradually assumes those functions which it performs in the ordinary 
single phase, squirrel cage motor, developing a magnetic field of its own along the axis 7-o 
andf a correspondincdy powerful torque, which increases very rapidly as synchronism is 
approached, but falls suddenly to zero at or near actual synchronism. It is known that 
the magnetizing currents circulating in the bars of the squirrel cage of a single phase motor 
have, at synchronism, double the frequency of the stator currents; the fluxes they produce 
must therefore also be of double frequency. Now, the magnetic separator is made of 
solid steel, and^ while this separator fonns a sufficiently effective shtmt for the fluxes of 
line frequency induced from the field, it is quite ineffective. as a shunt for the double fre- 
quency fluxes produced by the armature, with respect to the squirrel cage, the effect of 
uiis magnetic separator diminishes with increasing speed, and at synchronism the machine 
Operates practiotlly in the same manner as if the magnetic separator did not ezift. 
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1. The transfonrier pressure; 

2. The generated pressure; 

3. The self-induction pressure. 

These pressures may 'be defined as follows: 
The transformer pressure is thai pressure induced in i 
armature by the alternating fiux from the field magnets. 



n alternating field illuBtrating the principles 



For instance, assuming in £g. 1,ST2 the armature to be at rest, as the 
alternating current which energizes the magnets rises and falls in value, 
the variations of flux which threads through the coils of the ring winding, 
induce pressurfe in them in I'ust the same way that pressure is induced 
in the secondary of a transformer, 

A ring winding is u^rd for amplidty; the same conditions obtain 
in a dium winding. ■ 
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Xke f ff i wr "**** pwure is that -pKssarK indmctd in Ikt 
onusixre by the cuaing of ike flux when the armatmre rotaUs, 
The aetf-iiidiictioa pnmun is that pressmrg induced in 

infA &ie field and armalnre by self-indttctum. 

Nvtvre «< the Ccacnud rrcMvn.— In fig. .1^872. tfae generated 
yivsna*^ indooBd b>' tberuiati'jn of the aimatureisinmmniin at the neutral 
Ijlane C D and maiimun at A B. It taids to ouise ooiTcnt to flow up 
taxixha^ uf iJ>e ansiiture from D to C.prodndng pedes at tliese pants- 



IlG. 1^73.— Wagnei 



bnuhei in pain ccoa conneqtBi througb a 

"" """"r, temporarilv short circnitinff the 

'qu« dn the repulsioo principle. 



Nature of the Transformer Pressure.— This is caused by varia- 
tions of the flux passing through each coil of the a,niiature winding. 
Evident!}? this variation is least at the pfone A B because at thio Dotot 
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the coils are inclined very acutely to the flux, and greatest at the plane 
C D where the coils are perpendicular to the flux. Accordingly, the 
transfoHner pressure induced in the armature winding is least at A B 
and greatest at C D. 

The transformer pressure acts in the same direction as the generated 
pressure as indicated by the long arrows and gives rise to what may be 
called local armature citrrenls. 



Pics. W74 and I,87B. — Armatiire of Wagner aingle phase repulaion-induction comniut»tor 
type ot governor employed on the BmaUer sizes. The operation is eiplained in Eg, 1,873. 

Nature of the Self-induction Pressure. — The self-induction 

K assure, being opposite in direction to the impressed pressure, it must 
evident that in the operation of an alternating current commutator 
motor, the impressed pressure must overcome not only the generated 
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Fig. 1,876. — Genera] E 



ig interch^iseB.biHty of 

e adaptable for 110 volt eervicei for double ttiii 
connected in series. The motor will operate >Mi»- 
)t voltage and frequency variBtion dosa not exceed 
V be 10 per cent, high if the frequency remain st 
er cent, hiah assuming no variation in volta^ A 
^companied by a similar increase in voltage u per- 
miasible or. aa above stated, any similar combination whose arithmetical gum !■ vithia 
10 per cent, of narmal. The ar ' '■ 

by eO degrees. The Erst set, km 
and disposed at an angle to the 




up on a caat iron sleeve having the . . . 
ihafl become damaged or worn, it can be readily jiressed o 
rbing the commutator or windings. The motor is connecl 
Clockwiae rotation is obtained by interchanging the le 
lea and slightly ahittbig the brush holder yolte. This type .... 

ine without the use of a rheostat, and is suitable for operating refrigerating n 
Mnpreaaora, house pumps or similar apparatus wh«e a float swileh or presBure i 
Bd to cloaa or o^ea the ninpl; dictut. 
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pressiue but also the self-mductloa pressure. Hence, as compared to 
an equivalent direct current motor, the applied voltage must be greater 
than in the direct current machine, to produce an equal current. 



aingle phase compenifttfid repuliioa motors 



The Local Armature Currents. — These currents producedby 
the transformer pressure occur in those coils undergoing commuta- 
tictti. They are lat^e, because the maximum transformer ^lction 
occurs in them, that is, in the coils short circuited by the brushes 
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Ques. Why do the local armature currents cause 
sparking? 

Ans. Because of the sudden interruptioii of the large volume 
of current, and also because the flux set up by the local currents 
bang in opposition to the field flux, tends to weaken the fleld 

just when and where its greatest strength is required for com- 
mutation. 



Pig. 1^79. — Field of Spiague single phsie compensBted reputskm motor. The haxae i> of tha 
sifeleton form which eiposes Che core, giving effective best radiHtion. The single phuo 
field winding is of the distributAd concentric type- To facilitate connection to circuit* of 
either 110or220 volts, four plainly tagged leuu are brought ont to tho hack of the remor^ 



Ques. What is the strei^th of the local current? 

Ans. They may be from 5 to 15 times the straigth of the 
normal armature current. 

Ques. Upon what does the local armature current 
depend? 

Ans. Upon the number of turns of the short orcmted coils, 
their resistance, and the frequenqr. 
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Ques. How can the local currents be reduced to avoid 
heavy sparking? 

Ans. 1. By redudi^ the number of turns of the short' 
circuited coils, that is, providing a greater number of com- 
mutator bars; 2, reducing the frequency; and 3, increasing the 
resistance of the short circuited coil circuit : a, by means of high re- 
sistance connectors; or 6, by using brushes of higher resistance. 



BelJ ainffle phase repulsion induction motor. The armature, whi^ is wound in a oimilar 
- manner to those used in direct current motora, has a commutator, and brushes, wliich 
being sliort circuited on themselves, allow great slarting torque, with small starting 
current. The motor starts by the repulaion principle, and on reaching nearly full speecli 
a centrifugal govemoi pushes the copper ring against the commutator leBiDeDts, thereby 
■bort circuiting tiiem, and the motor Uisn operalea on the induction principle. 

Ques. What are high resistance connectors? 

Ans. The connectors between the armature winding and the 
cotmnutator bars, as shown in fig. 1,885. 
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Ques. Does the added resistance of preventive leads, or 
high resistance brushes, materially reduce the efficiency of 
the machine? 

Ans. Not to any great extent, because it is very small in 
comparison with the resistance of the whole armature winding. 

anusH 



Pic. I^SSfi. — Sectieai of rins aimBtura of coiniautatoi motor diowing local cuirent aetxtfibf 

Ques. What is the objection to reducing the number of 
turns of the sh(nt circuited colls to diminish the tend- 
ency to sparking? 

Ans, The cost of the additional number of commutator 
bars and connectors as well as the added mechanism. 

Ques. What effect has the inductance of the field and 
armature on the power factor? 

Ans. It produces phase difference between the current aad 
impressed pressure resulting in a low power factor. 

Ques. What Is the effect of this low power factor? 

Ans. The regulation and efficiency o£ the system is impaired. 

The frequency, the field flus and the number d turns in the 
^ faavcinfluepce on the power tacUa. 
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Ques. How does the frequency affect the power factor? 

Ans. Lowering the frequency tends to improve the power 
factor. 

The use of very low frequencies has the disadvantage of departing 
from standard frequencies, and the probability that the greater cost of 
tranafonners and alternators would offset the gain. 



Flu. 1,886.— Gen«al Electric S H.P., S pole adiusuble speed sinsle phase compenaated 
reptlsion motor. This type is suitable for service requirements demanding the use of a 
motor wboeo speed can be adjusted over a considerable range, this speed at a fined con- 
troller iettina remaining practically unaffected by any load within the motor's rated 
capacity. With the controller on the high speed pomts, the motor posseises an inherent 
speed regulation between no load and full load of approiimately 6 per cent. At the low 
speed points, under similar load conditiLjns, the speed variation wilfbc approximately 20 
per cent. To secure adjustable speed control, the BTTnature circuits employ Iransformen, 
whose piimaries are excited hy the line circuit. The secondaries of these transformers 
are divided into two sections; the first or "regulating" circuit is placed across the entrgy 
brushes; the other section, since it is connected m series with the compensatmg wind- 
■ ilaini the high pow< -'- '■' ^.---^ ■— .•. 

IK, iTie speed range i> « . . , »i 

le-half above lynchronous speed. 



The speed range it 2 :l, approiimately one-h^ of this range twing below and 



Series Motors. — This class of commutator motor is about 
the simplest of the several types belonging to this division. In 
general design the series motor is identical with the series direct 
current motor, but all the iron of the magnetic circuit must be 
laminated and a neutralizing winding is often employed. 

It will be readily imdcrstood that the torque is produced in 
tbfi same way as in the direct current machine, when it is 
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riemembered that the direction of rotation of the direct current 
series motor is independent of the direction of the voltage applied. 

At any moment the torque will be proportional to the product 
of the current and the flux which it is at that moment producing 
in the magnetic system, and the average torque will be the product 
of the average current and the average flux it produces, so that 
if the iron parts be unsaturated, as they must be if the iron losses 




Pig. 1,887. — Diagram of single phase eiries commutator motor. Tt is s^ractically the same 
as the series direct current motor, with the exception that all the metal of the magnetic 
Circuit must be laminated. 



are not to be too high, the torque will be proportional simply to 
the square of the current, there being no question of power factor 
entering into the consideration. 

Ques. What are the characteristics of the series motor? 

Ans. They are similar to the direct current series motor, 
the torque being a maximum at starting and decreasing as the 
speed increases. 

Ques. For what service is the series motor especially 
suited ? 

Ans. On account of its powerful starting torque Jt is partic- 
ularly desirable for traction service. 
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Neutralized Series Motor,— A chief defect of the series 
motor is the excessive self-induction of the armature, hence in 
ahnost every modem single phase series motor a neutralizing 
coil is employed to diminish the armature self-induction. 

The neutralizing coil is wound upon the frame 90 ntiagnetic 
degrees of half a pole pitch from the field winding and arranged 
to carry a current equal in magnetic pressure and opposite in 
phase to the current in the armature. 




Fig. 1388. — Diagram of neutralized series motor; conducdve method. In the simple series 
motor, there will be a distortion of the flux as in the direct current motor. As ^e dis- 
torting magnetic pressure is in phase with that of the magnets, the distortion of the flux 
will be a fixed effect. If the poles be definite as in direct current machines, this distortion 
may not seriously affect the running of the motor, but with a magnetizing system like 
that universally adopted in induction motors the flux will be shifted as a whole in the 
direction of the distortion, which will produce the same effect as if in the former case 
the brushes had been shifted forward, whereas for good commutation they ^ould have 
been shiftml backward. As in direct current maoiines, this distortion is undesirable 
since it is not conducive to sparkless working, and also reduces to a more or less extent 
the torque exerted by the motor. The simplest remedy is to provide neutralising coils 
di^laced 90 magnetic degrees to the main field coils as ^own. The neutralizing current 
is obtained by the method of connecting the neutralizing coils in series in the main circuit. 



The current through the neutralizing winding may be ob- 
tained, either 

1. Conductively; or 

2. Inductively. 
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In the conductive method, fig. 1,888, the winding is connected in 
series as shown. 

In the inductive method, fig. 1,889, the winding is short circuited 
upon itself and the current obtained inductively, the neutralizing 
winding being virtually the secondary of a transformer, of which the' 
armature is the primary. 

Ques. When is the conductive method to be preferred ? 

Ans. When the motor is to be used on mixed circuits. 




Pig. 1389. — Diagram of neutralized series motor; inducdve method. AlthooAh the ooa% 
ductive method of neutralization is employed in nearly all machines, it is possible merelv 
to short circuit the neutralizing winding upon itself, instead of connecting it in series wiui 
the arxnature circuit. In this case the flux due to the armature circuit cannot be eliminated 
altogether, as sufficient flux must always remain to produce enough pressure to balance 
that due to the residual impedance of the neutralizinjs coil. It would be a mistake to infer, 
however, that on this account this method of neutralization is less effective than the con- 
ductive one, since the residual flux simply serves to transfer to the armature circuit a drop 
in pressure precisely equivalent to that due to the resistance and local self-induction of 
the neutralizing coil in the conductive method. 



Shunt Motors. — The simple shunt motor has inherently 
many properties which render it tmsuitable for practical use, 
and accordingly is of little importance. Owing to the nM.ny 
turns of the field winding there is large inductance in the shtmt 
field circuit. 
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Pig. 1390. — Diagritm of simple shunt commutator motor, 
defect* it is of little importance. 



Owing to its many inhereat 



I 



KsmJ 




Pig. 1391* — Compensated shunt induction single phase motor. The transformer diown in 
the arrangement is capable of being replaced by a coil placed on the frame having the same 
axis as the field winding, so that the flux produced bv the field winding induces in the 
coil a pressure in phase with the supply pressure. Such a coil will now be at right angles 
to the circuit to which it is connected. In a similar manner a coil at right angles to the 
armature circuit, that is, the circuit parallel to the stator axis, if connected in series with 
Ahat ctrcoit, will also serve to compensate the motor. 
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The inductance of the armature is small as compared with 
that of the field; accordingly, the two currents differ consider- 
ably in phase. 

The phase difference between the field and armature currents 
and the corresponding relation between the respective fluxes 
results.in a weak torque. 




Pig. 1302. — ^Pynn's shunt conductive single phase motor. In order to supply along the 
stator axis a constant field, suitable for producing the cross flux to which the torque is diie 
by its action on the circuit perpendicular to the stator axis, the "armature circuit." as it 
may be called, has a neutralismg coil in series with it, so that the armature circuit and 
neutralizing coil together produce no flux. In addition to this, there is a magnetising 
coil along we same axis, which is connected across the mains and so produces the same 
flux as the primary coil in a shunt induction machine. Pynn has proposed a number of 
methods of varying the speed and compensating this machine. It is. however, complicated 
in itself, and is only suited for very low voltages, so that on ordinary circuits it would 
need a separate transformer. 

It is necessary to use laminated construction in the field circuit 
to avoid eddy currents, which otherwise wotild be excessive. 
Fig. 1,890 is a diagram of a simple shunt commutator motor. 

Repulsion Motors* — In the course of his observations on 
the effects of alternating currents, in 1886-7, Elihu Thomson ob- 
served that a copper ring placed in an alternating magnetic field 
tends either to move out of the field, that is, it is repelled by the 
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field (hence the name repulsion motor), or to return so as to set 
itself edgeways to the magnetic lines. 

The explanation of the repulsion phenomenon is as follows: 
When a closed coil is suspended in an alternating field so that 
lines of force pass through it, as in fig. 1,893, an alternating pres- 
sure will be induced in the coU which will be 90^ later in phase 
than the inducing flux, and since every coil contains some in- 
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Fie. 1.893. — ^Bffeet ol altematbg field on copper ring. If a copper ring be suspended in an 
aUematine field so thai the plane of the ring is oblique to the Itnes offeree, it will turn until 
its plane ts paralld to the lines of force, that is, to uie position in which it does not encircle 
any lines of force. The turning moment acting upon the ring is proportional to the current 
in it, to the strei^^ of the field, and to the cosine of the anele p. Hence it is proportional 
to the product sin fi cos ^. The tendency to turn is zero both at 0** and at 9(r ; in the 
former case because there is no current, in the latter "because the current has no leverage. 
It is a maximum when P >■ 45°. Bven in this position there would be no torque if there 
were no lag of the currents in the ring^or the phase of the induced pressure is in Quadrature 
with the phase state of the field. When the field is of maximum strength uiere is no 
pressure, and when the pressure readies its maximum there is no field.^ If tiiere be self- 
mduction in the ring causing the current to lag, there will be a net turning moment tend* 
ing to diminish fi. The latest torque will be obtained when the lag of the current in 
the ring is 45". 



ductance the restilting current will lag more or less with respect 
to the pressure induced in the coil. 

The cosine of this phase relation becomes a negative quantity 
which means that the coil is repelled by the field. 

It is only when the ring is in an oblique position that it tends to 
turn. If it be placed with its plane directly at right angles to the 
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direction of the magnetic lines, it will not turn; if ever so little 
displaced to the right («■ left, it will turn until its plane is parallel 
to the lines. 

The production of torque may be explained by saying that the 
current induced in the ring produces a cross field which bang 
out of phase with, and inclined to the field impressed by the 



FlO. 1,809.— Pyiin*« oompoiutat aliont induction motor. Ttui is a comWnafa'on of the coto- 
pcnBted uiunt iodnction motor with the ordinary vquirrel ca^ fonn. In one foim, in 
addition to tho ordioary drum windins oti the anoatEire, th«re is another three phase 
winding into the "atar. of which the drum winding is connected- This second wmding 
ja connected to three slip ringa which are ahoit circuited when the machine is up to speed. 
Upon the commutator are placed a pair of brushes connected to an amihary winding 
placed on the frame in such a position that the fiux from the primary coil induces in it 
a preHun of niitabls phase to produce compensation. The same pair of bruahei ia also 
oaed for startinj£. 

primary alternating current, causes a rotary field, and this in 
turn, reacting on the conductor, a turning moment results. 

Elih\i Thompson trxk. an ordinary direct current armature, placed it 
in an alternating field, and having short circuited the brushes, placed 
than in an oblique position with respect to the direction of the field. 
The eSect was to cause the armature to rotate with a conaderable torque. 

The inductors of the armature acted jiist as an obliquely placed nng, 
bat with this diSerence, that the obliquity was continuously preaerved 
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by the brushes and commutator, notwithstanding that the armature 
turned, and thus the rotation was continuous. This tendency of a 
conductor to turn from an oblique position was thus utilized b^ nim to 
get over the difficulty of starting a single phase motor. With tms object 
m view he then constructed motors in which the use of commutator and 
brushes was restricted to the work of merely starting the armature, 
which when so started was then entirely short circuited on itself, though 
disconnected from the rest of the drcmt, the operation then being soldy 
CO tiie induction principle. 



Pig. 1,910. — Diagram of connection of Sprague single phase compensated repulsion motor. 
To reverse direction of rotation interchjuige leads Ci and Cs and slightly shift the brush 
holder yoke. Brushes £t and Eiare permanently short circuited. This diagram of con* 
nections applies also to ng. 1,91 1, 



I 




Ques. What difficulty was experienced with Thomson's 
motor? 

Ans. Since an open coil armature was used, the torque 
developed was due to only one coil at a time, which involved a 
necessarily high cturent in the short circuited coil resulting in 
heavy sparking. 
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Ques. How was this remedied? 

Ans. By the use of closed coil armatures in later construction 

Ques. Did this effectually stop sparking? 

Ans. No. 

Ques. What other means is employed in modem de- 
signs to reduce sparking? 

Ans. Compensation and the use of a distributed field winding, 
high resistance connectors, high resistance brushes, etc. 

Ques. What are the names of the two classes of repul- 
sion motor? 

Ans. The simple and the compensated types. 

Ques. Describe a simple repulsion motor. 

Ans. It consists essentially of an armature, commutator and 
field magnets. The armature is wound exactly like a direct 
current armature, and the windings are connected to a com- 
mutator. The carbon brushes which rest on this commutator 
are not connected to the outside line, however, but are all con- 
nected together through heavy short circuiting connectors. 
The brushes are placed about 60® or 70° from the neutral axis. 
The field is woimd exactly like that of the usual induction motor. 

Ques. What is the action of this type of motor? 

Ans. If nothing be done to prevent, the motor will increase 
in speed at no load until the armature bursts, just as it will in a 
series direct current motor. 

Ques. What provision is made to avoid this danger? 

Ans. A governor is usually mounted on the armattire which 
short circuits the windings, after the motor has been started. 
The motor then runs as a sqmrrel cage induction motor. As & 
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rule the brushes are lifted oflf the commutator when the arma- 
ture is short circuited, so as to prolong their life. 

This is a very successful motor, but it is of course more costly thaa 
the simple squirrel cage motor used on two and three-phase circuits. 
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Pig. 1,911. — Diagram of connections of Sprague variable speed single phase compensated 
repulsion motor and controller. The controller is desired to give speed reduction and 
speed increase as resistance or reactance is inserted m the energy and comi>ensating 
circuits. With the exception of the leads brought out from these circuits, the constant 
speed and variable speed motors are identical. The standard controller gives approzi* 
mately 2 : 1 speed variation. 



Ques. What name may appropriately be applied to the 
motor? T 

Ans. It may be called the repulsion induction motor, becati^ 
it is constructed for repulsion start and induction running., : ^ 

Ques. Describe a compensated repulsion motor. ^ 

Ans. In its simplest form it consists of a simple reptilsicm 
motor in which there are two independent sets of brushas^'ctfle 
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set being short circuited, while the other set is in series with the 
£eld magnet winding, as in the series alternating current motor. 

Ques. What names are given to the two sets of 
brushes on a compensated repulsion motor? 

Ans. The energy or main short circuiting brushes, and the 
compensating brushes. 



B field windi 



a« is a special revHW field winding having t« 
ir pole double throw Hwitch. 



Ques. What is the behaTtor of the armature of a 
compensated repulsion motor at starting? 

Ans. It possesses at starting most of the apparent reactance 
of the motor, and the effect of speed is to decrease such appar- 
ent reactance, the latter becoming zero, at either positive or 
negative synchronism, and negative at higher speeds in either 
direction. 
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Ques. What is the nature of the field circuit of the 
compensated repulsion motor at starting? 

Ans. At starting it is practically non-inductive, the effect 
of speed being to introduce a spurious resistance which in- 
creases directly with the speed, and becomes negative when 
the speed is reversed. 

Ques. For what use is the compensated repulsion 
motor especially adapted ? 

Ans. For light railroad service. 

Ques. When employed thus what is the method of 
control? 

Ans. A series transformer is used in the field circuit. 

Ques. What frequencies are employed with this 
motor? 

Ans. 26 to 60, the preferred frequency being 40. 

Ques. To what important use is' the repulsion prin- 
ciple put? 

Ans. It is sometimes employed for starting on single phase 
'Induction motors. 

In this method, after bringing the motor up to speed, the winding is 
then short circuited upon itself, and the motor then operates on the 
induction principle. 

Ques. What name is given to this type of motor? 

Ans. It is called the reptilsion induction motor. 
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Power Factor of Induction Motors. — In the case of a 
direct current motor, the energy supplied is found by midtiplying 
the current strength by the voltage, but in all induction motors 
the effect of self-induction causes the current to lag behind the 
pressure, thereby increasing the amount of current taken by 
themotor. Accordingly, as the increased current is not utilized by 
the motor in developing power, the value obtained by multi- 
plying the current by the voltage represents an apparent energy 
whidi is greater than the real «i£fgy supplied to tiie motor. 



Fia. 1,913. — Fairbanks-MoTM iquirrcl caic Brmature, showing ball bearinis. 

It is evident, that if it were possible to eliminate the lag en- 
tirely, the real and apparent watts would be equal, and the 
power factor would be unity. 

The importance of power factor ind its effect upon both 
alternator capacity and voltage regulation is deserving of the 
most careful consideration with all electrical apparatus, in which 
an inherent phase difference exists between the pressure and the 
currentiasforinstanceiustatictransformersandinductionmotors. 
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While the belief is current that any decrease in power factor 
from unity valine does not demand any increase of mechanical 
output, this is not true, since all internal alternator and line 
losses manifest themselves as heat, the wasted energy to 
produce this heat being supplied by the prime mover. 

Apart from the poor voltage regulation of altematii^ current 
generators requiring abnormal field excitation to oimpensate for 
low power factor, some of the station's rated output is rendered 



fte. 1.U14. — Pairbanlo-Moree 20 hone power Bqimrd cage inducUon motor connected to B 
20 inch scl£'feed rip and cbamfering saw. The abuiKe □( commoUtor and bnubea on 
the fiquirrel ca« artuatare eliminacea aparldny and therefore rendera thie type of motor 
particularlif adapted fir xae in places whoe iparkmg would be dasgeroua, nich as in 
wood worldns planta, textile mllli, etc 

unavailable and consequently produces no revenue. The poor 
steam economy of underloaded engines is also a serious source 
of fuel wastage. 

Careful investigations have shown that the power lactor of industrial 
plants using induction motor drive with units of various sizes will average 
between 60 and 80 per cent. With plants supplying current to under- 
loaded motors having inherently high lagging currem values, a 
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combined factor as low as 50 per cent, may be eitpected. Since standard 
alternators are seldom destened to carry their rated kilowatt loadatless 
than 80 per cent, power ftctor, the net available output is, therefore, 
cooaderably increased. 



ID squirrel cage annatans of Palrbanb-Mone indnc- 
Mng nise^ — ---.- ^- - 

eUrninatal. While givinB the most ii 
ia Avoided aa weU aa solder. 

Speed and Torque of Motors.— The speed of an induction 
motor depends chiefly on the frequency of the circuit and runs 
within 5 per cent, of its rated speed; it will produce full torque 
if the line voltage do not vary mora than 5 to 10 per cent. 

At low voltage the speed 'will not be greatly reduced as in a 
direct current motor, but as the torque is low the motor is easily 
stopped when a light load is thrown on. 
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The current taken by an induction motor from a constant 
pressure line varies with the speed as in a direct current motor. 
When a load is thrown on, the speed is reduced correspondingly 
and as the self-induction or reactance is diminished, more 
current circulates in the sqturrel cage winding, which in turn 
reacts on the field coils in a similar manner and more current 
flows in them from' the line. In this manner the motor auto- 
matically takes current from the line proportional to the load 
and maintains a nearly constant speed. 

The so-called constant speed motors requife slight variations 
in speed to autofnatically take current from the line when £he 
load varies. 

Induction motors vary in speed from 5 to 10 per cent., while 
synchronous motors vary but a fraction of one per cent. 

Single phase motors to render eflScient service must be able, 
where requisite, to develop suflSdent turning moment or torque 
to accelerate, from standstill, loads possessing large inertia or 
excessive static friction; for example, meat choppers and grinders, 
sugar or laundry centrifugals; heavy punch presses; group 
driven machines running from countershafts with possibly over 
taut belting, poor alignment, lubrication, etc. 
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CHAPTER LII 

TRANSFORMERS 

The developments in the field of electrical engineering which 
have rendered feasible the transmission of high pressure 
currents over long distances, together with the reliability and 
efficiency of modem generating units, have resulted in notable 
economies in the g^eration and distribution of electric cturent. 

This has been accomplished largely by the use of distant 
water power or the centralization of the generating plants of a 
large territory in a single power station. 

The transformer is one of the essential factors in effecting the 
economical distribution of electric energy, and may , be defined as 
an apparatus used for changing the voltage a id current of an 
alternating circuit. A transformer consists essentially of: 

1. A primary winding; 

2. A secondary winding; 

3. An iron core. 

Basic Principles. — If a current be passed through a coil of 
wire encircling a bar of soft iron the iron will become a magnet; 
when the current is discontinued the bar loses its magnetization. 

Conversely: If a bar of iron carrying a coil of wire be mag- 
netized in a direction at right angles to the plane of the coil a 
momentary electric pressure will be induced in the wire; if the 
current be reversed, another momentary pressure will be induced 
in the opposite direction in the coil. 
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These actions are ftilly explained in chaps. X and XI, and as 
they are perfectly familiar phenomena, a detailed explanation 
of the principles upon which they depend is not necessary here. 

From the first two statements given above it is evident that if a bai 
of iron be provided with two coils of wire, one of which is supplied from a 
source of alternating current, as shown diagrammatically by fig. 1,916, 
at each impulse of the exciting current a pressure will be induct in the 
secondary coil, the direction of these impulses alternating like that of 
the exciting current. 

Ques. What name is given to the coil through which 
current from the source flows? 

Ans. The primary winding. 




PRIMARY 




ALTERNATOR 

Pig. 1.916. — Diagram of elementary transformer with non-continuous core and connection 
with single phase alternator. The three essential x>arts are: primary winding, secondary 
winding, and an iron core. 



Ques. What name is given to the coil in which a 
current is induced ? 

Ans. The secondary winding. 

Similarly, the current from the source (alternator) is called the primary 
current and the induced current, the secondary current. 

Ques. What is the objection to the elementary trans- 
former shown in fig. 1,916? 

Ans. The non-continuous core. With this type core, the 
flux emanating from the north pole of the bar has to return to 
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the south pole through the surrounding air; and as the re* 
luctance of air is much greater than that of iron, the magnetism 
will be weak. 

Ques. How is this overcome? 

Ans. By the use of a continuous core as shown in fig. 1,917. 

Ques. Is this the best arrangement^ and why? 

Ans. No. If the windings were put on as in fig. 1,917, the 
leakage of magnetic lines of force would be excessive, as indicated 
by the dotted lines. In such a case the lines which leak through 
air have no effect upon the secondary winding, and are therefore 
wasted. 




ALTERNATOR 



^IG. 1,917. — Diagram of elementary transformer with oontintiotts core and connections with 
alternator. The dotted lines show the leakage of ixngnetic lines. To remedy this the 
arrangement shown in fig. 1,918 is used. 



Ques. How is the magnetic leakage reduced to a mini- 
mum in conunercial transformers? 

Ans. In these, and even in ordinary induction coils (the oper- 
ating principle of which is the same as that of transformers) the 
magnetic leakage is reduced to the lowest possible amount by 
arranging the coils one within the other^ as shown in cross section 
in fig. 1,918. 
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The Induced VoItS^e. — The pressure induced in the 
secondary winding will depend on the ratio between the number 
of tiuns in the two windings. For example, a transformer with 
600 tiims of wire in its primary winding and 50 turns in its 
secondary winding would have a transformation ratio of 10 to 1, 
and if it were supplied with primary current at 1,000 volts, the 
secondary pressure at no load would be 100 volts. 



Fig. 1,91S. — Cross Bcction diowin^ commercial Airangement of priraAfy and Mcondary vind- 
ings on core. One is superposed cm the other. This arraDgemeat compels pmctie^y 
tM of the magnetic lines crested by the primary winding to pass through tbe aecoDdarv 



EXAMPLE. — If ten amperes flow in the primary winding and the 
transfomiation ratio be 10, then 10 X 10 = 100 amperes will flow 
through the secondary winding. 

Thus, a direct proportion exists between the pressures and turns in 
the two windings and an inverse proportion between the amperes and 
turng, that is ; 



From the above equations it is seen that the watts of the 
primary circuit equal the watts of the secondary circuit. 



TRAITSFORUMRS 1,381 

Ques. Are the above relations strictly true, and why? 

Ans. No, they are only approxiniate, because of trans- 
fonner losses. 

In the above example, the total wattage in the primary circuit is 
1,000 X 10 = 10 kw., and that in the secondary drcuit is 100 X 100 = . 
10 kw. Hence, while both volts and amperes are widely different in the 
two circuits, the watts for each are the same in the. ideal case, that is, 
assumii^ perfect transformer action or 100% efficiency. Now, the 
osual loss m commercial transformers is about 10%, so that the actual 
mtts delivered in the secondary circuit is (100 X 100) X 90% - 9 kw. 



pic l.Bld. — Wagner tnaufonner coil formed, ready for taping. These ore knoWD as "pae 
cue" coilA. Tfaey are wound with flat cotton covered copper atrip. In heavy coils, 
•enral Rripe in [uralkl are used per tiun in order to facilitate the winding and produce a 
more comiACt coil. 

The No Load Current. — When the secondary winding of 
a transformer is open or disconnected from the secondary 
circuit no current will flow in the winding, but a very small 
current called tl^ no load current will flow in the primary circuit. 
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The reason for this is as follows: The current Sowing in the primary 
winding causes repeated reversals of magnetic flux through the iron 
core. These variations ot flux induce pressures in both coils; thatin- 
duced in the primary called the reverse presrare is opposite in direction 



I^G. 1.920. — WAgner eoilA with inaulatioD re&dy for core asaftmbly, 'Hie flat coHfl, BometLinefi 
called pancake coils, are wound ot flat, cotton covered, copper strip with ample insolation 
between layers. In heavy coils several Sat strips in multiple are used per turn in order to 
facilitate the windins and produce a more compact coil. In man/ cases Dormal current 
flow per high tension coil it very low and could be carried with ft very small aott aectionfti 
area of copper; however, flat strip is almost always used on account of the increased 
mechanical stability thus obtained, 

and very nearly equal to the impressed pressure, that is, to the pressure 
applied to the primary winding. Accordingly the only force avadable to 
cause current to flow through the primary winding is the d^erence 
between the impressed pressure and reverse pressure, me e/sctAie t>ressurt. 
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The Magnetizli^ Current. — The magnetizing current of a 
transformer is sometimes spoken of as that current which the 
primary winding takes from the mains when working at normal 
pressure. The true' magnetising current is only that component 
of this total no load current which is in quadrature with the 
supply pressure. The remaining component has to overcome 
the various iron losses, and is therefore an "in phase' ' component. 
The relation between these two components determines the 
power factor of the so called "magnetizing current." 



10 and IS kva. 



The true magnetizing component is small if the transformer 
be well designed, and be worked at low flux density. 

Action of Transformer with Load. — If the secondary 
winding of a transformer be connected to the secondary circuit 
by dosii^ a switch so that current flows through the secondary 
winding,~the transformer is said to be loaded. 

The action of this secondary current is to oppose tbe magnetizing 
action of the slight current alr^dy flowing in the primary winding, thus 
decreasiiig the maximum value reached by the alternating m^netic flux 
in the core, thereby decreaaag the induced pressure in each winding. . 
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The amount of this decrease, however, is very small, inasmuch as a 
veiy NnaU decrease of the induced pressure in the primary coil ^eadjr 
increases the difierence between the pressure applied to the primary 
ceil and the opponng pressure induced in the pnmaiy cral, so that the 
primary current is greatly increased. In fact, llie increaie of primary 
current due to the loading of the transformer is JusI peat enough (or very 
nearly) to eiMctly balance the magnetiting actum of the eunent in the 



Pic. 1 .923.— Re«r view of Port Wmyns dlitribi 
Ucblng to pole ctom arm. 

secondary coil; that is, the flux in the core must be maintained ap- 
prorimately constant by the primary current whatever value the sec- 
ondary current may have. 

When the load on a transformer is increased, the primary of the 
transformer automatically takes additional current and power from 
tiie supply mains in direct proportion to the load on the secondary. 

When the load on the secondary is reduced, for e:camp1e by turning 
off lamps, the power taken from die supply maios by the primary con 
is automatically reduced in proportion to the decrease in the load. 
This automatic action of the transformer is due to the balanced 
magnetizing action of the primary and secondary currents. 
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Glassificatioii of Transformers. — ^As in the case of motors, 
the great variety of tranrformer makes it necessary that a 
classification, to be comprehensive, must be made from several 
points of view, as: 

1. With respect to the transformation, as 

a. Step up transformers; 

b. Step down transformers. 

2. With respect to the arrangement of the coils and magnetic 
circuit, as 

a. Core transformers; 

b. Shell transformers; 

c. Combined core and shell transformers. 

3. With respect to the kind of circuit they are to be used on, as 

a. Single phase transformers; 

b. Polyphase transformers. 

4. With respect to the method employed in cooling, as 

a. Dry transformers; 

b. Air cooled transformers { giS^"lj?JS^*W«lrbl»t, 

c. Oil cooled transformers; 

d. Water cooled transformers. 

6* With respect to the nature of their output, as 

a. Constant pressure transformers; 

b. Constant current transformers; 

c. Current transformers; 

d. Auto-transformers. 

6. With respect to the kind of service, as 

a. Distributing; 
b* Power. 
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7. With respect to the drctiit connection that the trans- 
former is constructed for, as 

a. Series transformers; 
h. Shunt transformers. 

Step Up Transformers. — This form of transformer is used 
to transform a low voltage current into a high voltage current. 
Such transformers are employed at the generating end of a 
transmission line to raise the voltage of the alternators to such 
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Pig. 1,924. — Diagram of elementary sUP up transformer. As shown the primary windinff 
has two turns and secondary 10 turns, giving a ratio of voltage transformation of 
10 4- 2 "* 5. Since only Vc as much current flows in the secondary winding as in the 
primary, the latter requires heavier wire than the former. 



value as will enable the electric power to be economically trans- 
mitted to a distant point. 

Copper Economy with Step Up Transformers. — To oomprehend 
fully the bearing of the matter, it must be remembered that the energy 
supplied per secx)nd is the product of two factors, the current and tne 
pressure at which that current is supplied; the magnitudes of the two 
factors may vary, but the value of the power supplied depends only on 
the product of the two; for example, the energy furnished per second 
by a current of 10 amperes supplied at a pressure of 2,000 volts is 
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exactly the same in amount as that furnished per second by a current of 
400 amperes suppHed at a presure of 50 volts; in each case, the product 
is 20,000 watts. 

Now the loss of energy that occurs in transmission through a well 
insulated wire depends also on two factors, the current and the resistance 
of the wire, and in a given wire is proportional to the square of the 
current. In the above example the current of 400 amperes, if transmitted 
through the same wire as tne 10 amperes current, would, because it is 
forty times as great, waste sixteen hundred times as much energy in 
heating the wire. It follows that, for the same loss of ienergy, the 10 
ampere current at 2,000 volts may be carried by a wire having only 
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RAT 10 .e 

Fig. 1.025. — Diagram of elementary step down transformer. As shown the primary winding 
has 10 turns and the secondary 2, giving a ratio of voltage transformation of 2 -{- 10 <« .2. 
The current in the secondary being 5 times greater than in the primary will require a pro 
portionately heavier wire. 



1 <fflO ^ ^^ ^^® sectional area of the wire used for the 400 ampere 

current at 50 volts. 

The cost of copper conductors for the distributing lines is therefore 
very greatly economized by employing high pressures for distribution 
of small currents. 



Step Down Transformers. — ^When cturent is supplied to 
consumers for lighting purposes, and for the operation of motors, 
etc., considerations of safety as well as those of suitability, 
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reqtdre the delivery of the current at comparatively low pressures 
ranging from 100 to 250 volts for lamps, and from 100 to 600 
volts for motors. 

This involves that the high pressure current in the trans- 
mission lines must be transformed to low pressure current at the 
receiving or distributing points by step down transformerSy an 
elementary transformer being shown in fig. 1,925. 
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Pigs. 1,926 and l,027.-^<!k)re type transformer. It consists of a central core of laminated iron, 
around wUeh the coils are wound. A usual form of core type transformer consists of a 
rectanjsular core, around the two Ions limbs of which the pnmary and secondary coils are 
wound, the low tension coil being placed next the core. 

Transformers of this type have a large number of turns in 
the primary winding and a small number in the secondary, in 
ratio depending on the amotmt of pressure reduction required. 



Core Transformers. — This type of transformer may be 
defined as one having an iron core, upon which the wire is 
wotmd in such a manner that the iron is enveloped within the 
coils, the outer surface of the coils being exposed to the air as 
shown in figs. 1,926 and 1,927. 
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Shell Transform^s. — In the shell type of transformer, as 
shown in fig. 1,928, the core is in the form of a shell, beii^ built 
around and through the coils. A shell transformer has, as a 
nile, fewer turns and a higher voltage per turn than the core type. 

Ques. What is the comparison between core and shell 
tnmsformers? 

Ans. The relative advantages of the two types has been the 
subject of considerable discussion among manufacturers; the 



e ratings thia type has some advantdAH with rcflT>Mt 
the coi« type 19 tabs prefeired in tbis respect. Tbe 
I better coolingi with this urapgemeat mininnun 



companies who formerly built only shell type transformers, now 
build core types, while with other builders the oppoate practice 
obtains. 

Ques. Upon what does the choice between the two 
types chiefly depend? 

Ans. Upon manufacturing convenience rather than operating 
characteristics. 
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Tlie major insulation in a core type transformer consists of several 
lai^e pieces of great mechanical strengtli, while in the shell type, there 
are required an extremely large number of relatively small pieces of 
insulating material, which necessitates careful worknianslnp to prevent 
defects in the finished transformer, when thin or fragile material is used. 

Both core and shell transformers are built for all ratings; for small 
ratings the core type possesses certain advantages with reference to 
insulation, while for large ratings, the shell type possesses better cooling 
properties, and has less magnetic leakage than the core type. 



le constntctioo cf cores 



FiC. 1,930. — Maloney m'ci 
shield between primary btk 

lapping feature which pre 



Combined Gore and Shell Transformers. — An unproved 
type of transformer has been introduced which can be con- 
sidered rather as two superposed shell transformers with coils 
in common, or as a single core type transformer with divided 
magnetic drrtiit and having coils on only one leg. It is best 
considered however, as a combined core and shell transformer. 
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and for small sizes it possesses most of the aavaniages of both 
types. It can be constructed at less cost than can either a core 
or a shell transformer having the same operating characteristics 
and temperature limits. 
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Fig, 1,932 shows a cross section of tlie first transformer of this type to 
be developed commercially, and known as an "iron clad" transformer; 
this construction has been used in England for some time. Fig. 1,933 
■hons the Americaa practice. 
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Ques. How Is economy of construction obtained In 
designing combined core and shell transformers? 

Ans. The cross section o£ iron in the central leg of the core 
is made somewhat less than that external to the coils, in order 
to reduce the amount of copper used in the coils. 

Single and Polyphase Transformers. — A single phase 
transformer may be defined as one having only one set of primary 
and secondary terminals, and in which the fluxes in the one or more 



L CHiNNCLi 



; and shril transtormef . Tlio core 

J, in multiple: esoli circuit comiBt- 

le leg of each circuit is built up of two dif- 



ing its free accets to all parts of the windiriB. The puacbinga of each uie transfonner ars 
allof the aame lenEth. aaionbled alternately, and forming tvo lap joints equally distribqted 

magnetic circuits are all in phase, as distinguished from a poly- 
' phase transformer, or combination in one unit of several one 
phase transformers with separate electric circuits but having cer- 
tain magnetic circuits in common. In polyphase transformers 
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there are two or more magtietic circuits thrcn^h the core, and 
the fluxes in the various circuits are displaced in phase. 

Ques. Is It necessary to use a polyphase transformer 
to transform a polyphase current? 

Ans. No, a separate single phase transformer may be used 
for each phase. 



Figs. 1,934 and 1,935. — Top view ihowing oon anl coils in place, and viev □( coils of Wetting- 
sizes ol transfonnets and [rom strap copper in the larger siies. Strap wound coila allow 
there is little waste space between the different turns of the conductor. The coils are 

ttaisamuisenient giving the fine regulation found in t^sse transformers. The low tension 
coils are wound in layers which extend across the whole length of the coil opening in the 
itoii, while the high tension coils ore wound in two pans and iilaccd end to end. This 
omstruction reduces the normal voltage strains to a value which will not eive trouble 
tmder aay condition of service. The magnetic circuit is built up of laminated, alloy steel 
punching*, each layer of lamins being reversed '/rith reference to the preceding layer and 
aU joiuU butted. This gives a continuaus magnetic circuit of low reluctance, low iron 
. Ion and low eidting current. When assembled, the magnetic circuit consists of (oar 
sepaiate parallel circuits encircling the coils and protecting the windings from mechanical 
injury. Separate high and low tenaon terminal blocks i3 glazed porcelain are mounted 
upon HtensJons of Uie upper end frames. AU danger of confusing the leads or inad- 
vertently maUng an electncal connectioa between the high and low tension sides of the 
transformer ia thus averted. The high tension winding has foor leadi broogbt to the 

-^-'' 'n the tenninal block. Adjustable brasa coonectora or links "-* '"■ — " '- 

I ■ ,.,_. — — ... ... - 'intB of the hi„ 

„ . lo proporOoned that 

-e impossible. Barriers on the porcelain block separata the nuda 
._!__ . __j — '^i r ^! ingiJoilbl'i ™ — 



it preventipg creetMng ™ oil ty,e»;iip«riF 
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Ques. Is there any choice between a polyphase trans- 
former and separate single phase transform)!^ for trans- 
forming a polyphase current? -^ 

Ans. Yes, the polyphase transformer is preferable/^ecause 
less iron is required than would be with the several singlaSphase 
transformers. The polyphase transformer therefore is somie- 
what lighter and also more efficient. \ 



TlOB. I;CI30 and 1.037.— Cora and ibell types of thrae pt 
fig. 1,»36, there are three cores A.B.andC. joinodTj 

core is wound with a primary coil P, and a secondary coil S. As shown, Che primarr 
winding of each phase a divided into three coils to ensure better insulation. The pn- 
mariea and aecandaries may be connected star or nush^ The core B haa a shorter re^tm 

ue A and C phases. This has sornetimes been obviated by placina the t^ree cores at tJie 
comers of an equilateral triangle (as in figs. 1.B39 and 1,B40). but the extra troiflile involTSd 
10 Dot justified, as the unbajancjikg is a no load condition, and practically disappean when 
the transformer is loaded. The shell type. fig. 1,037, consisM practically of three wpaiate 
transformers in one unit. The fluit paths are here separate, each||»ir of coils being 

TWb give* the riieU type an advantage over the core type, for should one phase bum ,out, 
tlie other two may still be used, especially if the faulty coils be short circuited. The effect 
of suchshort circuiting is to prevent sU but a ver)r small flux from threading the faulty caiL 

Ques. Name two varieties of polyphase transformer? 

Ans. The ctnre, and the shdl types as shown in figs. 1,930 
and 1,937. 



TRANSFORMERS 1,395 

Ques. How should a three phase transformer be oper- 
ated with one phase damaged? 

Ans. The damaged windii^s should be separated electrically 
from the other coils. 

The pressure winding of the damped phase should be short circuited 
upon itself and the corresponding low pressure winding should also be shoit. 
circuited upon itself. The wind- 
ing thus short circuited will choka 
down the flus passing thK)Ugh 
the portion of the core surrounded 
by them without producing in 
any portion of the windine a cur- 
rent greater than a small ftacticni 
of the current which would nor- 
mally exist in such portion at 
fuUload. 



Transformer Losses. — As 

previously mentioned, the ratio 
between the applied primary 
voltage and the secondary ter- 
minal voltage of a transformer 
is not always equal to the ratio 
of primary to secondary turns 
of wire around the core. 

The commercial transformer 
is not a perfect converter of 
enei^y, that is, the input, or 
watts applied to the primary 
circuit is always more than the 
output or watts delivered from 
the secondary winding. 

This is due to the various 
losses which take place, and the 
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Afierence between the input and the output is equal to the a 
of these losses. They are divided into two classes t 

1. The Iron or core losses; 

2. The copper losses. 

The iron or core loeaes are due CO 
1. Hysteresis; 
AM6U1AR TORE CtRCULfcR YOKE 



FaM, 1 ^raO ud 1M0<— IVunnlu ainaaemenU of con> of thiM ptuie tniilfiinna'. Kb. 1,039, 
IciRO with thne comend yokea at bottom and top of const fis. l>04O,fbiin vithcucnlu 
vcdcea. Wliile thcM design* sive psrfect synmietry (Dr tba tnrae phues. there ia eotna 
trouble In the medunkal arrangemeiit of tha yoLccA, If theaBbastUDpedoqttriuiBalailv 
■ml inwrtcd horiMmtally betneeo tba tluee com. It ii mmiinre to tntecpoN a layer ot 
taaiktloD, otherwin thmft Hoold b« obieotiooatdetddr cornDUMnMd iath* ttM^iii^ 

2. Eddy currents; 

3. Magnetic leaJcage (ne^igibly small). 

Those whidi -are classed as copper losses ere due to 

1. Heating the coaductors (the I'R to68>' 

2. Bd^ ccimots in ooodnctofs. 
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Hysteresis. — In the operation of a transfoitaer the alter- 
nating cturent causes the core to undergo rapid reversals of 
magnetism. This reqiures an expenditure of energy which is 
converted into heat. 

This loss of energy as before explained is due to the work 
required to change the position of the molecules of the iron, 



Pic 1.941. — Visa sbomng raechuiical coustnictiaii of coil and coie of Maloney pole type H *" 
SO kw. tranaformer. Maloney Btandard traaiformers of these sizes are regularly wound 
for 1,100 to 2,200 primsry volts. For 1,100 volts the primary coils are conneoWd in 
paiBllel by means of connectina linla; for 2,200 volts, tbey are connected in sehes. The 
porcelain primary terminai board is provided with two connecting links so that coa- 
sectious can be made for eithec 1,100 or 2,200 volta. 

in reversing the magnetization. Extra power then must be 
taken fnna the line to make up for this loss, thus reducing the 
* ^ciency of the transformer. 

Ques. Upon what does the hjvteresis loss depend? 

Ans. Upon the quality of the iron in the core, the magnetic 
density at wbich it is worked and the frequency. 
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Quea. With a given 
quality of iron how 
does the hysteresis 
loss vary? 

Ans. It varies as 
the 1.6 power of the 
voltage with constant f 

Ques. In construe 
is done to obtain 
hysteresis loss? 

Ans, The softest h 
able is used for the c 
low degree of magm 
employed. 

Eddy Currents.— T 

of a transfonner acts 

conductor in which small pressures fio. 1,942.- 



Fic 1,943.— Top view of Fort Wayna (type A) tr 
COVET removed. ikowtnE aesembly of coils iM 



of different values 
are induced in 
different parts by the 
alternating field, giv- 
ing rise to eddy cur- 
rents. Energy is thus 
consumed by theee 
currents which is * 
wasted in heating the 
iron, thus reducing 
the efficiency of the 
transfonner. 
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I this loss reduced to 

iual method of laminat- 



is built up of very thin sheet 
ampiogs, and these are in- 
•h other by varnish and are 
at right angles to the path 
that the eddy. cur- 
rents tend to fol- 
low, BO that the 
currents would 
have to pass from 
sheet to sheet, 
through the insula- 



Ques. In prac- 
,tlce, upon what 
does the thickness 
of the laminEe or 
stampings depend? 

Ans, Upon the 
frequency. 

The laminiE vary 
in thickness from 
about .014 to .025 
inch, according as 
the frequency is re- 
spectively high or 



Pu). IMt.—GtDenl Electric 10 Icvs., ttysfi H) traattonner 
Of tbs steel con compodng the maffoetic circuit outside n 
roBMl eectioDi. Bsib section is located ti inffidenC d 
la of the wjndios uid core are equally exposed 



s located ti inffidenC distance tioi 



an except the veiy emaileit Bsea the windms is divided by c} 
whidi a continoia di— '-•' ' -=" ' ;---•---. ■^>. 



„ _„,. , „ „, . . m temperature 

(hron^kODt the tranifoniur, thus eliminate the detrimeatal eSecta of uoHiual eipanaioi] 
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Ques. Does a transformer take any current when the 
secondary ch-cuit is open? 

Ans. Yes, a, "no load" current passes through the primary. 

Ones. Why? 

Ans. The energy thus supplied balances the core losses. 



Pre, 1,946.— Cover cooatruction of Wagner 350 leva... oU filled 1.1003,200 volt tranifonner. 
In transfonneis with corrugated cases, ttie base and top ring are cast to the cocrugaled 
lion iheeta. 

Ques. Are the iron or copper losses the more Im- 
pcolant, and why? 

Ans. The iron losses, because these are going on as long as 
the primary pressure is maintained, and the copper losses take 
place only while energy is being ddivered from the secondary. 
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secondary circuit is open) a 
slight capper loss takes place 
in the pnmary coil but be- 
cause of its smallness is not 



precise meaning of this term 
dgnities not only the hystercas 
and eddy current losses but the 
copper loss in the primary coil 
viken the secondary is open. 

The importance ot the 
iron losses is apparent in 
noting that in eloctric light- 
ing the Iwhtsareinuseonly 
a small fraction of the 24 
hours, bnt the iron losses 
continue alt the tithe, thus 
the greater part of each day 
energy must be supplied to 
each transformer by the 
power company i to meet 
the losses, during which time 
no money is received from 
the customers. 

Some companies make a 
minimum charge per month 
whether any current is used 
or not to onset the no load 
transformer losses and rent 
of meter. 

Ques. How may the 
iron losses be reduced to 
a tninlmutn? 

Ans. By having short 
magnetic paths of large area 
and usii^ iron or steel of 
high permeability. The de- 
sign and construction must 
keep the eddy currents as 
low as possible. 
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As before stated the iron losses take place contmually, and nnce most 
transformers are loaded only a small fraction of a day it is very importaiA 
that the iron losses should be reduced to a nunimum. 

Q a liae, the m^netizii^ cur- 

During May, 1910, the U. S. Bureau of Standaids issued a circular 
showing that each watt saving in core losses was a saving of 88 cents, 
which is evident economy in the use of high grade transfoimers. 

Copper Losses. — Since tiie primary and secondary windings 
of a transformer have resistance, some of the energy suppHed 
will be lost by heating the copper. The amount of this loss is 
proportional to square of the current, and is usually spoken of 
as the I*R loss. 



Figs. 1,1*48 to 1.963. — Westinahouae low tenaoQ transformer connectors for 
low tamoa laadi to tho feeder wires. Tlie tranBformeTS of the unaller 
Vnw^^ ]fj]nt connectors And those of the l&Tger aizes have interleAved coi 
'orm a mechanically strong joint of high current corryine capa 
I leads are connected directly lo the cut out or fuse blocks, coi 



reqaired on these leads. The ui 
and anothef o ' ' 



anoUief of tho sa _r_..^ 

nnseldsriiig a joint. The connectors also fncilltate changes in 



Ques. Define the copper losses. 

Ans. The copper losses are the sum of the I'R losses of both 
the primary and secondary windings, and the eddy current loss 
in the conductors. 

Ques. Is the eddy currentJoss In the conductors latfte? 

Ans. No, it is very small and may be disregarded, so that 
the sum of the I'R losses of primary and secondary can be taken 
as the total copper loss for practical purposes. 
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Ques. What effect has the powo* factor on the copper 



Ana. Since the copper loss depends upon the current in the 
primary and secondary windings, it requires a lai^er current 
when the power factor is low than when high, hence the 
copper losses increase with a lowering of the power factor. 



Iho aecondary leads in Wagnt 



throiwb a similar bushmg. Observe 



Ques. What effect other than heathig has resistance 
in the windhigs? 

Ans. It causes poor regulation. 

This is objectionable, espedally when incandescent lights are in use, 
because the voltage fluctuates inversely with load changes, that is, 
it <kops as lamps are turned on and rises as they are turned ofE, pro 
dttdng difi^jreeable changes in the brilliancy d the larqis. 
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Cooling of Transfonners. — Owiitg to the fact that a 
transforms is a stationary piece of apparatus, not receivii^ 
ventilatitm from moving parts, its e£5cient cooling becomes a 
very strong feature of the design, especially in the case of large 
high pressure transformers. The effective cooling is rendered 
more difGcuIt because transformers are invariably enclosed in 
more or less air tight cases, except in very dry situations, where a 
perforated metal covering may be permitted. 



Ficf. 1.9SE and 1.9fi6^~WcstiiiEluiiue tran^drmer tcnsiiud blocks for high and low teoslon 
ccmducton. 

The final degree to which the temperature rises after con- 
tinuous working for some hours, depends on the total losses 
in iron and copper, on the total radiating surface, and on the 
facilities afforded for cooling. 

There are various methods of cooling' transformers, the 
cooling mediums employed being 

1. Air; . *' 

2. OU; 

3. Water. 

The means adopted for getting rid of the heat which is inevit- 
ably developed in a transformer by the waste energy is one of 
the important considerations with respect to its design. 
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Ques. What is the beha^our of a transforms with 
respect to heating when operated continuously at full 
load? 

Ans. The tempCTature gradually rises until at the end of 
some hours it becomes constant. 

Tte difference between the constant temperature and that ot the 
secondary atmosphere is called the temperature rise at full load. Us 
amount constitutes i most important feature in the commerdai vaitie of the 



PlGa.l,9Brtol,Ma— TVvcetalabaabiDsfarWHUcgboiiaetianBtQniien.- 
QueS. Why is a high rise of temperature objectionable? 

Ans. It causes rapid deterioration o£ the insulation, increased 
hysteresis losses, and greater fire risk. 

Dry Transformers. — This classiiication is used to distinguish 
transformers using air as a cooling medium from those which 
eanploy a Uquid such as water or oil to efEect the cooling. 

Air Cooled Transformers. — This name is given to all trans- 
formers which are cooled by currents o£ air without regard to the 
manner in which the air is circulated. There are two methods 

of circulating the air, as by 



1. Natural drai^ht; 

2. Forced draught, or blast 
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Ques. Describe a natural draught air cooled trans- 
former. 

Ans. In this type, the case containing the windings is open 
at the top and bottom. The column of air in the case expands 
as its temperature rises, becoming Hghter than the cold air on 
the outside and is consequently displaced by the latter, resulting 
in a. circulation of air through the case. The process is identical 
■with furnace draught. 




Pics. 1,061 to 1,968.— Pu»e blocia for ■WeatinBhcmae tranaformera. The tu* 
tha tranflfonnerH ore mounted in a wtather pnx>f porcelain fus« box of Gp« 
atAtionary contacts are deeply recessed in the porcelain uid ore nell aep 
Dther. The contacts are so constructed that the plug is held securely u 



■i thfl tnmsfonner is 



11 dan^r of pulling tl 



Ques. Describe a forced draught or air blast trans- 
former. 

Ans. The case is closed at the bottom and open at the top, 
A current of air is forced through from bottom to top as shown 
in fig, 1,964 by a fan. 

Ques. How are the coils best adapted to air cooling? 

Ans. They are built up high and thin, and assembled with 
spaces between them, for the circulation of the air. 
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Ques. What are the requirements with respect to the 
air supply in forced draught transformers P 

Ans. Air blast transformers require a large volume of air at 
a comparatively low pressue. This varies from one-half to one 
ounce per square inch. The larger transformers require greater 
pressure to overcome the resistance of longer air ducts. 



. jd throiigh 
rlLcftlll' throoEh 
ted horiiontafly 



the ccila and out through the top. Part of the air 13 aometimea ■ 

through the ventilatmB ducta provided in the core, passing off at c^^ ^.^ „. .„- 

former. The amount of air ffoing through the coils, or through the con, may be con- 
trolled independently by providing dampen in the paaaagts. 

Ques. How much air is used ordinarily for cooling 
per kw. of load P 

Ans. About 160 cu. ft. erf air per minute. 
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In forced draught transfonners, the a 
blower varies from J^ to IJ^ oz, per squ 
air blast transformers are seldom built in small ^zes or for voltages higher 
than about 35,000 volts. 

Oil Cooled TransfomierB. — In this type of transformer the 
coils and core are immersed in oil and provided with ducts to 



Pic. 1966. — LoofctoB down into a Wagner central station ttaosfofmer. showing tt 

boiffd, which provides facility for varying ilie ratio of transformatiwi and also for inter- 
changing the primaries. 

allow the oil to circulate by connection and thus serve as a 
medium to transmit the heat to the case, from which it passes 
by radiation. 
Ques. Explain In detail the circulation of the oil. 

Ans. The oil, heated by contact with the exposed surfaces 
of the core and coib. rises to the surface, flows outward and 
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descends along the sides of the transformer case, from the outer 
surface of which the heat is radiated into the air. 

Ques. How may the efficiency of this method of cool- 
in^ be increased? 

Ans. By providing the case with external ribs or fins, or by 
"fluting" so as to increase the external cooling surface. 



lu^oU ducts. 



Ques. la what types of transformer Is this mode of 
oil cooling used? 

Ans. Lighting transformers. 
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Ques. In what other capacities except that of coolh^ 
agent, does the oil act? 

Ans, It is a good insulator, preserves the insulation from 
oxidation, increasing the breakdown resistance of the insuUi^ 
tion, and generally restores the insulation in case of puncture. 



_. .. .^Wiieoer 300 kva, 4,400 volt three phase ail cooled tranaformer. In thia type of 

tmnsformer the cose is tilled with oit and fluted so Bfi to increase the cooling Euiface, ua oil 



drain valve is screwed to awrouBh! intn nipple cast into Che base, the duct to v4lich ilin such 
A position as to make it poasibla not only to drain all oF the oil from the transformer, but 
when dedniblB. to draw off a small quantity from the bottom. Should any moiataR be ia 
the oil it is therefore drawn off first. 



Ques. What is the special objection to oU? 

Ans. Dai^er of fire. 

Ques. What kind of oU is used In transfcvmen? 

&BS. MineraloO. 
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Ques. What are the requh«ments of a good grade of 
tratuformer oil? 

Ans. It should show very little evaporation at 212° Fahr., 
and should not give oS gases at such a rate as to produce an 
explosive mixture with the air at a template below 356". It 
should not contain moisture, acid, alkali or sulphur compounds. 



thitragh Port Wayne (type A) tnuiafoniier ahowina Inter 



conductiwa, and uualation. iJio diviaioa c3 



The presence of moisture can be detected by thrustii^ a red hot n^ 
in the oil; if the oil "crackle," water is present. Moisture maybe 
lemoved by raising the temperature slightly above the boiling point, 
212* Fahr., Vut the time consumed (several days) is excessive. 



1,412 
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Water Cooled Transfcamen.— ^A water cooled transformer 
is one in which water is the cooling agent, and, in most cases, 
oil is the medium by which heat is transferred from the coils to 
the water. In construction, pipes or a jacketed casing is pro- 
vided through which the cooling water is passed by forced cir- 
culation, as shown in figs, 1,970 and 1,971. 

~ ■OIL LEVEL 
INTERNAL' 




the tnnsfonner to ths water circulating through cooling coil. la opetHtioo a contlDOU 
cdrculHtionof the oil tak« place, a« indicated by the arrowi, due to the altemate heating 
and cooling it nceivea as it flows past ths transtonner coils ud coohng coil reapectively. 

In some eases tubular conductors are provided fCM- the cir- 
culation of the water. 

Water cooled transformeps may be divided into two classes, 
as those having: 
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1. Internal cooling coil$; 

2. External cooling coils. 

Ques. Describe the first named type. 

Ans. Inside the transformer case near the top is placed a 
coil of wrought iron pipe, through which the cooling water is 



EXPANSION 
TANK 




Fig. 1,971. — ^Water cooled transformer with external cooling coil. In this arrangement the 
cooling coil is placed in a separate tank as shown. Here forced circulation is employed 
for both the heat transfer medium (oil) and the cooling agent (water), two pumps being 
necessary. The cool oil enters the transformer case at the lowest point and absorbing 
heat from the transformer coils it passes off through the top connection leading to the 
cooling coil and expansion tank. Since the transformer tank is closed, an expansion tank 
is provided to allow for expansion of the oil due to heating. The water circulation is 
arranged as illustrated. 

pumped. The case is filled with oil, which by thermo-circulation 
flows upward through the coils, transferring the heat absorbed 
from the coils to the water; on cooling it becomes more dense 
(heavier) and descends along the inside surface of the casing. 
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Ques. How much circulating water is required? 

Asis. It depends upon the difference between the initial and 
dischai^e temperatures of the circulating water. 

Ques. In water 
cooled transformers 
how much coolli^ 
surface Is required 
for an Internal cool- 
ing coll? 

Ans, The siirface of 
the cooling coil should 
be from ,5 to 1.3 sq. 
in. per watt of total 
transformer loss, depend- 
ing upon the amount of 
heat which the external 
surface of the trans- 
former case will dis- 
sipate. 

For a water temper- 

' ature rise of 43° Mir., 

1.32 lbs. of water per 

minute is required per 

kw. of load. 



Transformer Insu- 

>r««i«i lation.— This subject 

has not, until the last 

few years, been given the same special attention that many 
other electrical problems have received, although the develt^pment 
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of the transforms from its origitial form, consisting of an 
iron core enclosed by coils of wire, to its present degree of refine- 
ment and economy of material, has been comparatively rapid. 

In transformer construction it is obviously very important 
that the insulation be of the best quality to prevent bum outs 
and interruptions of service. 

Ques. What is the "major" insulation? 

Ans. The insulation placed between the core and secondary 
(low pressure) coils, and between the primary and secondary coils. 



Pro. 1,973.— Assembled coila of General Electric water cooled 500 kya„ 66.000 volt transformer. 



It consists usually of mica tubes, sometimes applied as sheets held in 
place by the windings, when no ventilating ducts are provided, ormoulded 
to correct form and held between sheets of tough insulating material 
where ducts are provided for air or oil circulation, 

Ques. Describe the "minor" Insulation. 

Ans. It is the insulation placed between adjacent turns of 
the coils. 
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Ques. What Is the most efficient Insulating material 
for transform^is? 

Ans. Mica. 



Pnl.1,074. — ThreeW«tiD|^ou3e201CTB,oatdoortian3formeis.fcn'!rngstkmBervice. Thesetm 
mouatad on a drag so that they may be readily tiansportcil from place to place. 83.000 
vohs high tension; 2,200 and 440 volts lov tension, SO cycles. These outdoor trans- 

fonnd in distribution work. They are in reality distributing tianstoimcrs for high voll- 
aat, outdoor installations, sinsls or three phase service, for voltsRea up to 110,000. Whera 
the nuwnitudo of the load doea not warrant an enpensive installation, tranaformera of 
the outdoor type ore particularly applicable. The cost of a building and outlet bushings 
which Is often the item of gcealesC expense is eliminated where outdoor type transformert 
•n installed. 

It has a high dielective strength, is fireproof, and is the most desirable 
insulator where there are aa Siarp comers. 
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Oil Insulated Transformers. — High voltage transformers 
are insulated with oil, as it is very important to maintain careful 
insulation not only between the coils, but also between the coils 
and the core. In the case of high voltage transformers, any 
accidental static discharge, such as that due to lighting, which 
might destroy one of the air insulated type, might be success- 
fully withstood by one insulated with oil, for if the oil insulation 
be damaged it will mend itself at once. 

By providing good circulation for the oil, the transformer can 
get rid of the heat produced in it readily and operate at a low 
temperature, which not only increases its life but cuts down 
the electric resistance of the copper conductors and therefore 
the I* R loss. 



Efficiency of Transformers. — The efficiency of transformers 
is the ratio of the electric power delivered at the secondary terminals 
to the electric power absorbed at the primary terminals. 

Accordingly, the output must equal the input minus the 
losses. If the iron and copper losses at a given load be known, 
their values and consequently the efficiency at other loads may 
be readily calculated. 

EXAMPLE. — If a 10 kilowatt constant pressure transformer 
at full load and temperature have a copper loss of .16 kilowatt, 
or 1.6 per cent., and the iron loss be the same, then its 

efficiency = .2H^5HL = -i2 X 100 = 96.9 per cent 

input 10 + .16 + .16 

At three-quarters load the output will be 7.5 kilowatts; and as 

the iron loss is practically constant at all loads and the copper 

loss is proportional to the square of the load, the 

efficiency = ^^^P^^ . , ^ 1:1 x 100 = 96.8 per cent 

input 7. 6 + .16 + .09 
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The matter of efficiency is important, especially in the case of 
large transformers, as a low efficiency not only means a large 
waste of power in the form of heat, but also a great increase in 
the difficulties encountered in keeping the apparatus cool. 
The efficiency curve shown in fig. 1,975, serves to indicate, how- 
ever, how slight a margin actually remains for improvement in 
this particular in the design and construction of large transformers. 
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Pig. 1,975. — Efficiency curve of Westinghouse 373 kw., transformer. Pressure 600 to 15,000 
volts; fre(]uency 60. Efficiencies at different loads: full load efficiency, 98%; ^ full 
load efficiency, 98%; ^i full load efficiency, 97.6%; M full load efficiency 96.1%; regula- 
tion non-inductive load, 1.4%; load having .9 power factor, 3.3%. 

The efficiency of transformers is, in general, higher than that of other 
electrical machines; even in quite small sizes it reaches over 90 per cent., 
and in the largest, is frequently as high as 98 . 5 per cent. 

To measure the efficiency of a transformer directly, by measuring 
input and output, does not constitute a satisfactory method when the 
efficiency is so high. A very accurate result can be obtained, however, 
by measuring separately, by wattmeter, the core and copper losses. 

The core loss is measured by placing a wattmeter in circuit when the 
transformer is on circuit at no load and nonnal frequency. 
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The copper loss is measured by placing a wattmeter in circuit with the 
primary when the secondary is short circuited, and when enough pressure 
IS applied to cause full load current to flow. 

If it be desired to separate the load losses from the true PR loss, the 
resistances can be measured, and the I*R loss calculated and subtracted 
from the wattmeter reading. The losses being known, the efl&dency at 
any load is readily found by taking the core loss as constant and the 
copper loss as varying proportionally to the square of the load. Thus, 

efficiency -^^, X 100 

output + losses 

All Day Efficiency of Transformers. — This denotes the ratio 
of the total watt hour output of a transformer to the total watt 
hour input taken over a working day. To compute this efl&- 
dency it is necessary to know the load curve of the transformer 
over a day. Suppose that this is equivalent to 6 hours at full load, 
and 19 hours at no load. Then, if Wi be the core loss in watts, 
Wi the copper loss at rated load, and W the rated output, 

output = 6 X W, 

losses = 5 (Wi + W,) + 19 Wi, 

input = 5 (W + Wi + W,) + 19 Wt, 

and the all day efficiency is equal to 

5 W X 100 
■— percent. 

5(W + Wi + Wt) + 19Wi 

Commercial or all day efficiency is a most important point in 
a good transformer. The principal factor in securing a high all 
day efficiency is to keep the core loss as low as possible. The 
core loss is constant — ^it continues while current is supplied to 
the primary, while copper loss takes place only when the sec- 
ondary is delivering energy. 

In general, if a transformer is to be operated at light loads 
the greater part of the day, it is much more economical to use 
one designed for a small iron loss than for a small full load 
copper loss. 
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Transformer Fuse 
Blocks. — These may be of 
either the single pole ordouble 
pole type. Fig. 1,976 shows a 
double pole fuse box opened, 
and fig. 1,977, the fuse box 
opened and the tubes re- 
moved. Of the four wires, 
W, W, W, W, entering the 
box from beneath, two are 
from the primary mains, and 
two lead to the primary coil 
of the transformer. These 
wires terminate in metallic 
receptacles R, R, R, R, in the 
porcelain plate P, fig. 1,977, 
which are bridged over in 
pairs by fuse wires placed in- 
side porcelain tubes T, T, as 
shown in fig. 1,976. These 
tubes are air tight except for 
a small outlet in each, 
which fit into the receptacles 
B, B, in the porcelain plate 
and open out at the back (A 
the block, as shown infig. 1 ,977. 

The fuse wires are connect- 
ed between metallic sprii^ 
tubes S, S, S, S, which fit into 
the receptacles R, R, R, R. 

If a sudden load or a short 
circuit occur in the trans- 
former, the intense heat, 
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accompanying the melting or blowing of the fuse, causes a rapid 
expansion of the air inside the tube, so that a strong blast of air 
rushes through the outlet O of the tube and immediately extin- 
guishes the arc. 

By this arrangement, sustained arcing is prevented, as the action of 
the tube causes the arc to extinguish itself automatically when the 
current is interrupted. 

The porcelain tubes are held in position by the spring K, and the 
primary of the transformer becomes entirely disconnected from the 
circuit when the tubes are lifted out. 

This form of construction enables the lineman to detach the tubes 
from the fuse box, and insert the fuse at his convenience. Furthermore, 



too VOLTS LINE PRESSURE 



80 VOLTS 



10 VOLTS- 




EO TURNS 



4-20TURNS-> 



100 TURNS 



Pig. 1,978. — Diagram illustrating connections and jnindples of auto-transformers as explained 
in the accompanying text. 

when inserting fuse in a short circuited line, he does not run the risk of 
being hurt, as the heated vapor of the exploding fuse can escape through 
the outlet provided for that purpose, and in a predetermined direction. 
The method of attaching the lid not only permits of quick access to 
the interior of the box, but enables the lineman to tighten the joints 
by means of the thumb screws L, L, so as to keep the box waterproof. 



Auto-transformers. — In this class of transformer, there is 
only one winding which serves for both primary and secondary. 
On accotmt of its simplicity it is made cheaply. 

Auto-transformers are used where the ratio of transformation is ssTall, 
as a considerable saving in copper and iron can be eff«cted, and the whole 
transformer reduced in dze as coo^MUied with one havinf 8q>anite wiadiof 
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Pig. 1,978 illtistrates the electrical connections and the relations 
between liie volts and number of turns. 

By using the end wire and tapping in on ttim No. 20 a current a,t 20 
volts pressure is readily obtained which may be used for starting up 
motors requiring a large starting current and yet not draw heavily on 
the line. 

Since the primary is connected directly to the secondary it wotdd be 
dangerous to use an auto-transformer on high pressure circuits. This 
type of transformer has only a limited use, usually as compensator for 
motor starting boxes. 
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Pigs. 1,979 and 1.980. — Two winding transformer and single winding or auto-transformer. 
Pig. 1,979 shows a 200:100 volt transformer having a 10 amp. primary and a 20 amp. secon- 
daxy, the currents being in opposite directions. If these currents be superposed by using 
one winding only, the auto-transformer shown in fig. 1,980 is obtained where the winding 
carries 10 amp. only and requires only one-half the copper (assuming the same mean 
length of turn) . If R be the ratio of an auto-transformer, the relative size of it comi>ared with 

a transformer of the same ratio and output is as ■ _ : 1. For example, a 10 kw. trans- 
former of 400 volts primary and 300 volts secondary could be replaced by an auto- 

1 33 — 1 
transformer of 10 X . „» — * 2.5 kw.; or, in other words, the amount of material used 

1 .oo 

in a 2K kw. transformer oould be used to wind an auto-transformer of 400 : 800 ratio and 
10 kw. ott^mt. 



Constant Current Transformers for Series Arc Lift- 
ing. — The principle of the constant current transformer as 
used for series arc lighting is readily understood by reference 
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to tha elementary diagram shown m fig. 1,981. A constant 
alternating current is supplied to the stationary primary coil 
which induces a current in the movable secondary coil. The 
pressure induced in the coil will depend on the number of lines 
of flux which pass through it and by changing its position in 
the magnetic field over the primary a variable e.m.f. can be 
produced and a constant current maintained in the Eghting 
circuit when the lamps are turned on or off, or if the resistance 
of the circuit be lowered by the consumption of the carbons. 



Pra. ! ,981. — ElementBiT diagram DluatraCing ths principln of constant cumat Cnuufoinui 
aa uaed ior aenu arc lifhtioff. 

Since the induced currents in the secondary are repelled by 
the primary there is a tendency for the secondary coil to jump 
out of the primaiy field, and in case of a very large current due 
to a short drcuit in the lamp circuit, the secondary current is 
quickly reduced to normal by the rapid movement of the coil 
upward. 

By adjusting the coimterwaght for a given number of amperes 
required by the arc, the current will be maintained constant 
by the xoovanent of the secondary ooiL 
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The magnetic field produced by the primary must be kept 
tte same by a constant current from the alternator, therefore, 
when the lamp load is increased the primary voltage increases 
similar to that of an ordinary series wound direct current 
dynamo. In other words the alternator and regulating trans- 
formea* supply a constant current and variaUe voltage. 



ONOARY 
MARY 



ipanyins text and ia built to supply 25 to 
anafoTTDerg are intercliajiHeable and wiU 
OS of th« two coils may be cflauged in order 
oacly, by shifting the poaitioa of the aro 
lusting screw on it. A dash pot filled with 
ondary coil and Icecpa the current through 
' cut in »t out of tho circuit. In staning 

-. . ^. .-,.,„, . 7 taoepaiate the twocoilaaa far as po»- 

sible and then close the piimaiy arcuit nritch and allow the two caits la come togeuwr. 
If the primary circuHbathrown directly cm tha generator tiifllieaTy rush of current which 
nil! foOmi due to the two ecnls bdns too close togBther might injote the lampg. 

Constant current incandescent lighting systems for use in 
Rmall towns also use this method for automatically regulating 
the current. 
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R^ulatton. — This term applies to the means adopted either 
to obtain constancy of pressvire or current. In the transformer, 
regulation is inherent, that is, the apparatus automatically 
effects its own regulation. The regulation of a transformer 
means, tke change of voltage due to change of load on the secondary; 
it may be defined more precisely as : the percentage increase in 
the secondary voltage as the load is decreased from its normal value 



to zero. Thus, observation should be made of the secondary 
voltage, at full load and at no load, the primary pressure being 
held constant at the normal value. 

The fMnJation is said to be "good" or "close," when this chan^ ig 
small, la the dedgn of a transformer, good regulation and low iron 
losses are in opposition to one another when the best results are desired i 
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both. A well designed trans- 
foimer, however, ^otdd give 
good results, both as to regula- 
tion and iron losses, the relative 
value depending upon the dass 
of work it has to do, and size. 



Transformer Connec- 
tions. — The alternating cur- 
rent has the advantage over 
direct current, in the ease with 
which the pressure and current 
can be changed by different 
connections of transformers. 

On single phase circuits the 
transformer connections can 
be varied to change current 
and pressure, and in addition 
on polyphase circuits the 
phases can also be changed to 
almost any form. 

Single Phase Connec- 
tions. — The method of con- 
necting ordinary distributing 
transformers to constant pres- 
sure mains is shown by the 
elementary diagram, fig. 1,984, 
where a transformer of 10 to 
1 ratio is indicated with its 
primary winding connected to 
a 1,000 volt main, and a 
secondary winding to deliver 
100 volts. 
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Fig. 1,986 shows a transformer with each winding divided into 
two sections. Each primary section is wound for 1,000 volts, 
and each secondary section for 60 volts. By connecting the 
entire primary winding in series, the transformer may be supplied 
from a 2,000 volt main, as indicated, and if the secondary 
winding be also cohnected all in series, as shown, the no load 
voltage will be 100 between the secondary terminals. 



2000 V. 



1000 V- 



-> 



1000 v: 



KjmsmsmsiQs^^ 




s 

50 V. 



S 

50 V. 



lOOV 



Fig. 1,086. — Diagram of single phase transformer having primary and secondary windings in 
two sections, showing voltages per section with series connections. 



The sections of the primary winding may be connected in 
parallel to a 1,000 volt main, and 100 volts obtained from the 
secondary, or the primary and secondary windings may be 
connected each with its two sections in parallel, and trans- 
formations made from 1,000 to 50 volts as represented in fig. 1,*987. 

This is a very common method of construction for small transformers, 
which are provided with convenient terminal blocks for combining the 
sections of each winding to stiit the requirements of the case. When 
the two sections of either winding are connected in parallel as shown in 
%. 1,987, care must be taken to connect correspoiMfing ends of the two 
sections tojBisther. 
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Combining Transformers. — Two or more transformers 
built to operate at the same pressure and frequency may be con- 
nected together in a variety of ways; in fact, the primary and 
secondary terminals may each be considered exactly as the 
terminals of direct current dynamos, with certain restrictions. 



1000 VOLT LINE 





Pig. 1,987. — Diagram of single phaae transformer with primary and secondary windings of two 
sections eacn, showing voltages per section with parallel connection. 



Ques. What are the two principal precautions wliich 
must be observed in combining transformer terminals ? 

Ans. The terminals must have the same polarity at a giv©3 
instant, and the transformers should have practically identical 
characteristics. 

The latter condition is not absolutely essential, but it is emphatically 
preferable. For example, if a transformer, which has 2 per cent. re§:u- 
lation, be connected in parallel, as indicated in fig. 1,988, with one which 
has 3 per cent, regulation, at no load the transformers will give exactly 
the same voltage at the secondary terminals, but at full load one wiu 
have a secondary pressure of, say, 98 volts, while the otiier has 97 volts. 
The result is that the transformer giving only 97 vdts will be subject 
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to a reverse pressure of one volt from its mate. This will not cause 
excessive current to flow backward through the secondary winding of 
the low voltage transformer, but it will disturb the phase relations and 
lower the power factor and efficiency of the combination. In such a 
case it is much better to work the secondary circuits of the two trans- 
formers separately. 

In case the transformers have practically the same characteristics it 
IS necessary, as stated above, to make sure that the secondary terminals 
connected together have the same polarity at a given instant; it is not 
necessary to find out definitely what the polarity is, merely that it is the 
same for both terminals. This can be easily done as shown in fig. 1,989. 
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SECONDARY 



Pig. 1,988. — Diagram showing unlike single phase transformers in paralleL 



Ques. What may be said with respect to operating 
transformer secondaries in parallel? 

Ans. It is seldom advantageous. Occasionally it may be 
necessary as a temporary expedient, but where the load is such as 
to require a greater capacity than that of a transformer already in- 
stalled, it is much better to replace it by a large transformer than 
to supplement it by an additional transformer of its own size. 

Ques. How are the secondaries arranged in modem 
transformers and why? 

Ans. The secondary windings are divided into at least two 
sections so that they may be connected either in sedes or oaraUel. 
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Ques. Explain how secondary ^connections are made 
for different voltages. 

Ans. If, for instance, the secondary pressure of a trans- 
former having two sections be 100 volts with the terminals in 
parallel, as in fig. 1,990, then connecting them in series will give 
200 volts at the free secondary terminals, as indicated in fig. 1,991. 

Ques. What precaution should be taken In connecting 
secondary sections in parallel in core type if the two 
sections be wound on different limbs of the core? 




Pig. 1.980.* — Method of comparing instantaneous i>olarity. Two of the terminals are con* 
nected as shown by a small strip of fuse wire, and then touching the other two terminals 
together. If the fuse blow, then the connections must be i«versed; if it do not, th«a 
they may be made permanent. 

Ans. It will be advisable to make the connections ample 
and permanent, so that there will not be any liability to a 
difference between the current flowing in one secondary winding 
and that flowing through the other. 

Two Phase Cionnections. — In the case of two phase dis- 
tribution each circuit may be treated as entirely independent 
^ the other ao far as the traosfonners are conoemed. Two 
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transformers are tised, one be- 
ing connected to one primary 
phase and supplying one 
secondary phase, the other 
being connected to the other 
primary phase and supplying 
the other secondary phase as 
indicated in fig. 1,996, exactly 
as though each primary and 
secondary phase were an or- 
dinary single phase system, in- 
dependent of the other phase. 

Ques. Is the above 
method usually employed ? 

Ans. No, the method shown 
in fig. I,9d7 is generally used. 

Three Phase Connections. 

— There is not so much free- 
dom in making three phase 
vransformer connections, as 
with single or two phase, be- 
cause the three phases: are 
inseparably interlinked. How- 
ever, the system gives rise to 
several methods of transformer 
connection, which are known as: 

1. Star; 

2. Ddta; 

3. Star-delta; 
d. Delta-star. 
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SECONDARY 220 VOLTS 

DELTA CONNECTION 



SECOMOABY 220 VOLTS 

STAR CONNECTION 



5ECOWDARY 381VDLT5 

DELTA-STAR CONNECTION 

PiGE. 1.992 to 1,996.— Thus phase tmnsformcr 
Eg. l,993atacGonaecti0D;fia.l,B9idalt>< - 




SECONDARY 127VOLTS 
STAR-DELTA CONNECTION 

Fis. 1.992 delta comuction; 
08- 1,99S ■tar-delta ooanectfon. 
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Delta Ckmnecdon. — ^In the delta connection both primaries and 
second^es are connected in delta grouping, as in fig. 1,9^. 

Star Connection. — ^This method consists in connecting both the 
primaries and secondaries in star grouping, as in fig. 1,993. 

Delta-star Ckmnection. — ^In this method the primaries are con- 
nected in delta grouping and the secondaries in star grouping, as in 
fig. 1,994. 




Pig. 1,996.— Two phase transfonner connections. Two single phase transformers are used 
and connections made just as though each phase were an ordinary single phase system. 



Star-delta Cionnection. — This consists in connecting the primaries 
in star grouping, and the secondaries in delta grouping, as in ng. 1,995. 

Ques. What advantage has the star connection over 
the delta connection? 

Ans. Each star transformer is wound for only 58% of the 
line voltage. In high voltage transmission, this admits of much 
smaller transformers being btiilt for high pressure than possible 
with the delta connectioxL 
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Ques. What advantages are obtained with the delta 
connection? 

Ans. When three transformers are delta connected, one 
may be removed without interrupting the performance of the 
circuit, the two remaining transformers in a manner acting in 
series to carry the load of the missing transformer. 




Pig. 1,997. — TVo phase transformer connections, with secondaries arranged for three wire 
distribution, the primaries being independently connected to the two phases. In the 
three wire circuit, the middle or neutral wire ia made about one-half larger than each of 
the two outer wires. In fig. 1,996 it makes no difference which secondary terminal of a trans* 
former is connected to a given secondary wire, so long as no tranaformers are used in 
paralld. For example, r^erring to the diagram, the left hand secondary terminal of 
ttanrformer. A, could just as well be connected to the lower wire of the secondary phase, 
A, and its right hand terminal connected to the upper wire, the only requirement being 
that the two pairs of mains shall not be "mixed' ' ; tnat is, transformer. A, must hot be con- 
nected with one secondary terminal to phase, A.^s^d the other to phase, B. In the case 
^own by fig. 1,997, there is not quite so mucn freedom in making connections. One 
secondary terminal of each transformer must be connected to one of the outer wiress^l^ 
the other two terminals must be both connected to the larger middle wire of the seconda^^ 
system. It makes no difference, however, which two secondary terminals are joined and 
connected to the middle wire so long as the other terminal ox each transformer is con< 
nected to an outer wire of the secondsury sjrstem. 



The desire to guard against a shut down due to the disabling of one 
transformer has led to the extensive use of the delta connection, espe- 
cially for the secondaries or low piesaue side. 
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It should be noted that if one transformer be disabled, the efficiency 
of the other two will be greatly reduced. To operate a damaged 
three phase tran^ormer, tine damaged windings must be separated 
electrically from the other coils, the damaged primary and secondary 
being respectively short circuited upon them^ves. 

Ques. What kinds of transformers are used for three 
phase current? 

Ans. Either a three phase transformer, or a separate single 
phase transformer for each phase. 
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Pk;. 1,998.'-— Three wire connections for transformer having two secondary sections on different 
le^B of the core. If the secondary terminals be connected up to a three wire distribution, 
as here shown diagrammatically, it is advisable to make the fuse, 2, in the middle wire, 
considerably smaller than necessary t9 pass the normal load in either side of the circuit, 
because, should the fuse, 1, be blown, the secondary circuit through the section, Sa, will 
be oi>en, and the corresponding half of the primary winding. Pa. will have a much higher 
impedance than the half of the primary winding, Pb. the inductance of which is so nearly 
neutralized by the load on the secondary winding. Sb. The result will be that the voltage of 
ttie primary section. Pa, will be very much greater than that of the section. Pb, and as the 
sections are in series the current must be the same through both halves of the winding; 
the drop or difference of pressure, therefore, between the terminals of Pa will be much 
higher than that between the temainals of Pb, consequently, the secondary voltage of Sb 
wm be greatly lowered and the service impaired. As the primary winding. Pa, is designed 
to take only one-half of the total voltage*, the unbalancing referred to will subject it to a 
considerably higher pressure than the normcd value; consequently, the magnetic density 
in that leg of the trsmsformer core wUl be much higher than normal, and the transformer 
will heat disastrously. If the fuse, 2, in the middle wire be made, say, one-half the capac- 
ity d each of the other fuses, this condition will be relieved by the blowing of this fuse, 
and as tiie lamps in the live circuit would not be anywhere near candle power if the circuit 
remained intact, the blowing of the middle fuse will not be an^ disadvantage to the user 
of the lamps. Some makers avoid the contingeac^r just described by dividing each sec- 
•ndary coil into two sections and connecting a section on one leg in series wiw a section 
on the other leg of the core, so that current applied to either pair of the secon d a r y termi- 
nals will circttlate about both leffi of the core. 
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Ques. What points 
are to be considered 
in choosing between 
three phaseand single 
phase transformers 
for three phase cur- 
rent transformation? 

Ans. No spedfio rule 
can be given regarding 
the selection of single 
phase or three phase 
transformers since both 
designs are equally re- 
liable; local conditions 
will generally determine 
which type is preferable. 

The following general 
remarks may, however, 
be helpful: 

Single phase traasfonn- 
era are preferable where 
only one transformer 
group is installed and 
where the expense of a 
spare transformer would 
not be warranted. In such 
installations the bum out 
of one phase of a three 
phase unit woiJd cause 
considerable inconveni- 
eace for the reason that 
the whole transformer 
would have to be discon- 
nected from the circuit 
before retails could be 
made. 

If single phase trans- 
formers be tised and con- 
nected in delta oa both 
piis3aiy and Beccsodaiyt 
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the damaged transformer can be cut out with a mtnimtim amount ol 
trouble and the other two transformers can be operated at normal tem- 
perature open delta at 58 per cent, of the normal capacity of the group 
of three transformers, until the third unit can be replaced.^ 

With a three phase shell type transformer, if both the primary and 
secondary be delta connected, trouble in one phase will not prevent the 
use of the other two phases in open delta. By short circuiting both 
primary and secondary of the defective phase, and cutting it out d 
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Fia 2.008. — Diagram showing three wire secondary connections General Electric (tjrpe H) 
transformer. As will be seen, the method adopted consists of distributing equaUy, on 
each side of the primary coil, both halves of the secondary winding, so that each secondary 
throughout its length is closely adjacent to the entire primary winding. In order to 
insure the exact equality of resistance and reactance in the two secondary windings neces- 
sary to obtain i>erfect regulation of the^two halves, the inside portion of the secondary 
winding on one side of the primary coil is connected in series with the outside iKMtion 6t 
that on the other side. As a result, the drop of voltage in either side of the secondary 
vnder anv ordinary conditions of unbalanced load, does not exceed the listed regulation 
drop. This particular arrangement is used because it is the simplest and heat mewod for 
this oMistruction. 

circuit the magnetic flux in that section is entirely neutralized. This 
cannot be done, however, with any but delta connected shdl type 
transformers. 

Where a large number of three phase transformers can be used, it is 
generally advisable to install three phase units, the following advantages 
being in their favor as compared with single phase units: 
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1. Require less floor space than three single phase units; 

2. Weigh less than the single phase units; 

3. Simpler connections, as only three primary and three secondary 

l^ds are generally brougnt out; 

4. Transformer presents a symmetrical and compact appearance. 

Ques. What is the character of the construction of 
three phase transformers? 

Ans. The three phase transformer is practic^y similar 
to that of the single phase, except that somewhat heavier and 
larger parts are reqturod for the core structure. 

COMPARISON OF AIR BLAST, WATER COOLED, AND OIL COOLED 

TRANSFORMERS 



Air blast tjrpe 



Water cooled type 



Oil cooled type 



1. COST 



A. First cost 

Necessarily more ex- 
pensive than the water 
cooled type of similar 
rating. 

B. 

The installation is ex- 
tremely simple. 

Moisture that may 
have collected on the 
surfaces during trans- 
portation or storage 
should be thoroughly 
dried out. 



Least expensive of all 
types. 



Being heavier than 
the air blast type, thpse 
transformers, as a rule, 
require heavier appa- 
ratus for installing. Both 
transformer and tank 
should be thoroughly 
dried out before being 
filled with oil. 

The oil is usually sup- 
plied in 50 gal. her- 
metically sealed steel 
barrels to minimize pos- 
sibility of absorbing 
moisture during trans- 
portation. 



Necessarily more ex- 
pensive than the air 
blast and water cooled 
type of similar rating. 



Being heavier than 
the air blast and water 
cooled type, these trans- 
formers require heavier 
apparatus tor installing. 
Both transformer and 
tank should be thor- 
oughly dried out before 
being filled with oil. 
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G. Auxiliary apparatus 

A duct, or diamber, 
of considerable size is 
required under the trans- 
formers in order to con- 
duct the cooling air to 
them. 

A blower outfit for 
aupplying air is required. 



D. Maintenance 

An occasional clean- 
ing, for which a supply 
of compressed air at 
about 20 lb. pressure 
is recommended. 

The blower outfit re- 
quires no more care 
than any other similar 
apparatus. 



In most cases, cooling 
water may be obtained 
with sufficient natural 
head. However, there 
are frequent cases in 
which it can be obtained 
only by the use of pumps. 

A system of pipmg 
for the cooling water 
and oil drainage is re- 
quired, the cost of which 
depends, of course, on 
the station layout. 

. A water pumping out- 
fit wotdd possibly re- 
quire a trine more at- 
tention than a blower 
outfit in which there 
are no valves or piping. 



Do not require cool« 
ing water or blower. 



No air or water cir- 
culation to demand at- 
tention. 



2. FLOOR SPACE 



Always requires space 
for cooHng apparatus. 



Extra space only re- 
quired when auxiliary 
pumping apparatus is 
necessary. 



Only require space 
for the transformer as 
no extra apparatus is 
necessary. 



3. LOCATION 



As the transformers 
are open at the top they 
^ould not be located 
where there is much 
dust or dirt nor where 
water from any source 
is liable to fall on them. 

The blower should be 
so situated as to obtain 
dean dry air of a tem- 
perature not greater 
than 77* Fahr. 



Transformers are com- 
pletely enclosed but lo- 
cation should be such 
that no water will fall 
on leads or bushings. 



Location of auxiliary 
apparatus will depend on 
the station layout. 



ssz 



Transformers are com- 
pletely enclosed but lo- 
cation should be such 
that no water will fall 
on leads or bushings. 

The building should 
be well ventilated. 

There is no auxiliary 
apparatus. 
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4. GENERAL APPEARANCE 



Terminal leads may 
be located in the base 
and the air chamber 
may be used for con- 
ducting and distributing 
the connecting wiring. 

The absence of over- 
head wiring aids in sim- 
plifjring the appearance 
of the station. 



Leads are brought out 
of the top of the trans- 
formers. - 

Water cooling pipes 
are connected at the top 
in most cases. 



Leads are brought out 
of the top of the trans- 
formers. 



5. OPERATION 



Equal reliability in all three types. 

miile full load efficiencies are practically equal in the three designs, it 
is necessary to change the proportion of iron and copper losses somewhat as 
the copper loss of the air blast transformer is a smaller part of its total loss 
than of the water cooled and oil cooled types. As a result, the regulation of 
the air blast transformer is a trifle better. 



6. GENERAL 



The above information rejgarding selection of type is not applicable to 
air blast transformers for circuits materially in excess of 33,000 volts. 

On account of the great thickness of the solid insulation needed and the 
consequent difficulty in radiating heat from the copper, it is impracticable 
to design the air blast type for more than this voltage. The oil inmiersed 
designs are therefore recommended for transformers above 33,000 volts. 

Both oil cooled and water cooled types are available for all voltages, 
being restricted in this respect only by the limitations of transmission facilities. 



Ques. How are transformers connected for four wire 
three phase distribution? 

Ans. When the secondaries of three transformers are star 



NOTE. — No special foundations are necessarv for any type of transformer otlief 
than a wood, even floor, having 3u0icient strength to support the wd^il. 
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1^1 Is connected, a fourth 

S^s .Sa wire may be run from 

I ul a I *'^® neutral point, 

^■::S I thus obtaimng the 

5'|| $1 four wire system. 

e %a S " ^^ voltage between 

Ifl io any main wire and the 

<=7 S*§ neutral will be 67 per 

'•!& I "^"t- of t*^ voltage 

^ ?■& between any two main 

■^Jb -^-^ wires. For general dis- 

^sl ^ tribution tiis system 

_e«-g -SP is desirable, requirii^ 

^^.9 V . less copper and greater 

■-| I flexibility than other 

|.|| 1 1 systems. 

I-Srf -al Three phase 200 

• tea I i volt motors may be 

*|| °a supplied from the 

l-B^ ^S main wires and 115 

volt lamps connected 
between each of the 
three main wires and 
the neutral; if the 
lamp toad be very 
S3 5 ~T) nearly balanced the 

o'Sl "^^ current flowir^ in the 

Og.a ^'S neutral wire will be 

very small, as in the 
case of the ordinary 
three wire direct cur- 
g S g J „ rent system, 

I .^ gl How to Test 

■S|| §5 Transformers. — 

||l -3 1 . The troubles incident 

j|.a^SJ| to ggg Qj, ■water serv- 

fl|i'fll ^^ ^■^fi ^^^ P^' 

go|||p aUels in' electric 

";li:.sl|l power distribution. 
^ J Companies engaged 
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in theformer, credit 
a large percentage 
of their losses to 
leaky valves and 
defective mains. 
The remedy may 
involve heavy ex- 
pense and the loss 
is often tolerated 
as the lesser of 
two evils. 

In electric pow- 
er distribution the 
transformer takes 
in part the place of 
! the valve and pipe 
i system. An in- 
\ ferior or defective 
f transformer usu- 
I ally treats both 
I the central station 
' and its customers 
I badly, being in this 
i|N| respect more im- 
IR I S partial than the gas 
''^ s I oi" water pipe which 
■ S gi^ mayannoy but one 
igfi. of the interested 
I'uT I P^^^*^ ^t ^ time. 

; 1 9 g Like a n^lected 

; ° |JS '"' defective gas fix- 

i3£^ ture a transformer 

g I can menace life, fafl. 

2 I ing, however, to giv« 
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thevamin^the 
former gives, 
and with a 
more bidden 
threat on ac- 
count ot its 
location. 

Apart from 
this, corre- 
sponding to an 
exasperated 
customer who 
complains at 
hconeand tohis 
friends of dim 
lamps, black- 
ened lamps, you 
will find in the 
power station 
the manager, 
who, also wor- 
ried and in no 
better humor, 
contemplates 
the difference 
in meter read- 
ings at the end 
of the line. 
His business 

would not in- 
crease even if 
he could lower 
the rates, which 
he cannot do 
because of these 
meter readit^s. 
He may be 
conMent of his 
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the poles. Perbaps he feds that 
this waste is so slight that it 
makes no material difference. 
This can be readily ascertained 
by means of a set o£ testing in- 
struments. 

Perhaps the transformers 
were purchased because of 
their attractive prices and 
never tested. 

Water, plumbii^, gas and 
steam fittings are subjected 
to test. Why not trans- 
formers? Even more so be- 
cause transformers take con- 
stant toil from the company 
installing them, while gas 
and water fittings, once 
passed, are off the con- 
tractor's hands. 

The busy manager has little 
time for complicated treatises 
and monographs on electrical 
measurements and even hand- 
books confront him with 
forbidding formula. Accord- 
ingly the methods of trans- 
former testing, which are very 
simple, are illustrated in the 
accompanying cuts. Man- 
agers of electric power and 
lighting companies should 
study them carefully. 



TRANSFORMERS 1,447 

An ammeter, voltmeter and wattmeter are required to make 
the tests. Losses are small in £ood transformers and hence the 
instruments should be accurate. For the same reason in- 
struments should be chosen of the proper capacity to give their 
best readily. If there be any doubt about the testing instru- 
ments being correct, they should be calibrated before being 



Pig, a^ie.— Moloiwy tabuli 

with large steel tubes pi ^ , , 

tho tubes becmea hot sod eipandsi a aiaa a laus proaucca nmcn i:jutic9 u»u}> tuu- 
oderabLe heat. 

used. The testing circuits should be properly fused for the 
protection of the instruments. It is hardly logical, but a very 
common practice is to mistrust meters and to watch them closely, 
while the transformers are guilty of theft unchallenged, and 
keep busiljr at it on a large scale. 
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Transformer Operation with Grounded Secondary. — 

The operation of a transfonner with a grounded secondary has 
been approved by the American Institute of Electrical Engineers, 
and by the National Board of Fire Underwriters, 

This method of operation effectually prevents a high voltage 
occurring upon the low tension wires in case of a breakdown or 
other electrical connections occurring between the primary and 
secondary windings. 



Pic. 2.017. — Moloney [in«un traosfonner adBpted tor svitchboaid work in connecdaa w 



In case of a breakdown without the secondary grounded, 
any one touching a part of the low tension system, such as a 
lamp socket, might receive the full high pressure voltage. With 
the low tension grounded, the fuse in the high tension circuit 
will blow and the fault be discovered upon replacing it. 
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Transformer Capacity for Motors.— The voltage regulation 
of a well designed transformer is within 3 per cent, of its rated 
voltage on a non-inductive load such as incandescent lamps, 
but when motors are connected to the circmt their self-induction 
causes a loss of 5 per cent, or more, and if the load be fluctuating, 
it is better to use independent transformers for the motor, which 
will prevent considerable fluctuations in the incandescent lamps. 
Arc lamps do not show slight voltage changes as much as in- 
candescent lamps. The proper rating of transformers for two 
phase and three phase induction motors is given in table on 
tiie next page. 



Fio. 3.0I8.^MoIoiiey cun« 



for iDBulBtiog an amme 



A three phase induction motor may be operated from three 
single phase transformers or one three phase transformer. While 
the one three phase transformer greatly reduces the space and 
SUPpUSP? the wi}^i the use of three single phase transformers 
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is more flexible and, in case one transformer bums out, the con- 
nection can be readily changed so that two transformers will 
operate the motor at reduced load until the burned out trans- 
former is replaced or repaired. 



2060 %C 






20«0V 




230Y 



t 






208 V 



1 



Pig. 2,010. — Diagram showing a method of operating a three phase motor on a two phase 
circuit, using a transformer having a tap made in the middle of the secondary winding, 
so as to get the necessary additional phase. While this does not give a true balanced 
three plu^ secondary, it is close enou^ for motor work. In the above arrangement, the 
main transformer supplies 54 per cent, of the current and the other with the ^lit winding 
46 per cent. 

It is well to allow one kilowatt per horse power of the motor in 
selecting the size for the transformers, excepting in the small 
sizes when a little larger kilowatt rating is found to be the most 
deisirable. 

Transformers for Two and Three Phase Motors 



T\_ii — ^.J 


Single phase transformer voltages 


Delivered 

voltage of 

circuit 


110 volt motor 


220 volt motor 


Primary 


Secondary 


Primary 


Secondary 


1,100 
2,200 


1,100 
2,200 


122 
122 


1,100 
2,200 


244 
244 



Very small transformers should not be used, even when the 
motor is large compared to the work it has to do, as the heavy 
starting current ntiay bum them out. 

The following tables give the proper sizes of transformer for 
three types of induction motor and the approximate current 
taken by three phase induction motors at 220 volts. 
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Capacities of Transformers for Induction Motors 



Size of motor 


Kilowatts per transformer 


Two single 


Three single 


One three 


horse power 


phase 


phase 


phase 




transformers 


transformers 


transformer 


1 


0.6 


0.6 




2 


1.6 


1.0 


2.0 


3 


2.0 


1.5 


3.0 


5 


3.0 


2.0 


5.0 


7 


4.0 


3.0 


7.6 


10 


5.0 


4.0 


10.0 


16 


7.6 


5.0 


15.0 


20 


10.0 


7.6 


20.0 


30 


15.0 


10.0 


30.0 


60 


25.0 


15.0 


50.0 


75 


40.0 


25.0 


75.0 


100 


50.0 


30.0 


100.0 



Current taken by Three Pliase Induction Motors at 220 Volts 



Horse power 


Approximate full 


Horse power 


Approximate full 


of motor 


load current 


of motor 


load current 


1 • 


3.2 


20 


50. 


2 


6.0 


30 


76. 


3 


9.0 


50 


125. 


5 


14.0 


76 


185. 


10 


27.0 


100 


250. 


15 


40.0 


150 


370. 



Transformer Connections for Motors. — Fig. 2,020 shows 
the connection of a three phase so called delta connected trans- 
former with the three primaries connected to the lines leading 
from the alternator and the three secondaries leading to the 
motor. 

The connections for a three phase motor using two trans- 
formers is sbpwn in fig. 2,021 and is identical with the previous 
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arrangement, except that one transformer is left out and the 
other two made correspondingly larger. 

The copper required in any three wire three phase circuit for 
a given power and loss is 75 per cent, that necessary with the 
two wire single phase or four wire two phase system having the 
same voltage between lines. 



GENERATOn 




Fig. 2,020. — Three phase motor transtormer connections; the so-called Delta connected 
transformers. 



The connections of three transformers for a low tension 
system of distribution by the fotir wire three phase system are 
shown in fig. 2,022. The three transformers have their primaries 
joined in delta connection and the secondaries in **Y" con- 



6EHefuao^ 
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Fig. 2,021. — ^Three phase motor connections using two transformers. 



nection. The three upper lines of the secondary are the three 
main three phase lines, and the lowest line is the common neutral. 

The voltage across the main conductors is 200 volts, while that 
between either of them and the neutral is 115 volts; 200 volt motors 
should be joined to the mains while 115 volt lamps are connected 
between the mains and neutral. The arrangement is similar to the 
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Edison three wire system and the neutral carries current only when the 
lamp load is unbalanced. 

llie voltage between the mains should be used in calculating the 
size of wires, and the size of the neutral wire should be made in pro- 
portion to each of the main conductors that the lighting load is to the 
total load. 



GENEHATOR 



'\f 




Fig. 2,022. — Delta-star connection of three transformers for low pressure, three phase, four 
wire system. 

When lights only are used the neutral should be the same as the 
main conductors. The copper required in such a system for a given 
power and loss is about 33.3 per cent, as compared with a two wire single 
phase system or a four wire two phase system using the same voltage. 
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Pig. 2,023. — Diagram of transformer connections for motors on the monocyclic system. 



Monocyclic Motor System. — Motors on the monocyclic 
system are operated from two transformers connected as shown 
in fig. 2,023. In the monocyclic system the single phase current 
is used to supply the lighting load and two wires only are nec- 
essary, but if a self-starting induction motor be required, a third 
or teaser wire is brought to the motor and two transformers used. 
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The teaser wire supplies the quarter phase current required 
to start the motor, which afterwards runs as a single phase 
synchronous motor and little or no current flows through 
the teaser circuit as long as the motor keeps in sjfnchronism; 
in case it fall behind, the teaser current tends to bring it up 
to speed instead of the motor stopping, as would be the case 
of a single phase motor. 



Pig. tXOi. — Moloney flaming auto type arc lamp transfomiBr for 110 volts primary ti 
volta aeconOarf. / '■— ■■ ■- '— " ' --< ' ■ ' ' 



The voltage of the transformers should be tested by means of 
a voltmeter or two incandescent lamps joined in series, before 
starting up the motor, to see if the proper transformer con- 
nections have been made and prevent an excessive flnw of current. 

If one of the transfortnera be reversed the voltage will be almost 
Joubled; in fact, it is a good plan to check up all the transformer con- 
nections with the voltmeter or lamps whicli wiJl often save a bum out. 
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Arrangement of links on 
the connecting board 




Primary coils 
will be con- 
nected in 






Multiple 



Multiple 



For circuit 

voltage 
normal at 



Series 



Series 




Series 



1,100 



1,100 



Ratio of transform- 
ation at no load 



with second- 
ary coils in 
multiple 



10:1 



9.05 : 1 



2,200 



2,200 



2,200 



20:1 



19.05 : 1 



18.1 : 1 



with second- 
ary coils in 
series. 



5:1 



4.52 : 1 



10:1 



9.5:1 



9.05 : 1 






Pigs. 2,026 to 2.020. — Diagrams of Warner transformer connection board, and table showinff 
various arrangements of the termmal links, corre^Kmding tmnsformation zatios, ac^ 
euitable primary voltages. 
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1 transformer on pole; view 
•y and secondary leads, cutoi 




FK!. 2,031.— Diagram of et 

former, P the two wire feeders, and T 
Becondary of R. are connecteii to the 1 



joined up to a multiple way switch s| 



□ng P compensated for. 
re being comparatively 
that the switch S has 

„., ,.- if the switch got out of 

Older. £app inipnived on the anangement by putting Che switch in the pinnaiy circtiit. 
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CHAPTER LIII 

CONVERTERS 

The alternating current must change to a direct current in 
many cases as in railroad work because the induction motor is 
not so satisfactory as the direct current series motor and the 
alternating current series motor is slow in coming into general use. 

In all kinds of electrolytic work, transformation must be made, 
and in many cities where the direct current system was started, 
it is still continued for local distribution, but the large main 
stations generating alternating currents and frequently located 
some distance away from the center of distribution have replaced 
a number of small central stations. 

Transformation may be made by any of the following methods: 

1. Rotary converters; 

2. Motor generator sets; 

3. *Mercury vapor rectifiers; 

4. *Electrol3rtic rectifiers. 

Strictly speaking, a converter is a revolving apparatus for con- 
verting alternating current into direct current or vice versa; it is 
usually called a rotary converter and is to be distinguished from 
the other methods mentioned above. 

Broadly, however, a converter may be considered as any 
species of apparatus for changing electrical energy from one form 
into another. 



*NOTB. — ^Rectifiers are explained in detail in Chapter LIV. 
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According to the standardization rules of the A. I. E. E. 
converters may be classified as; 

1. Direct current converters; 

2. Synchronous converters; 

3. Motor converters; 

4. Frequency converters; 

5- Rotary phase converters. 



itual volta (bs measured by a voltmeter) between the rings will be 70.7 < — 100 



turea are identical, and AS the eimil&rly placed windinga are passed through 
Tietic fields, one winding with proper connectionB to the slip rings and coipm 
for both. In this case only one field ia needed; eiieh a machine is called 

A direct current conrerter converts from a direct current to a 
direct current. 

A Byochronous converter (conunonl>^ called a rotary converttr) 
converts from an alternating current to a direct current. 

A motor converter is a combination of an induction motor with a 
synchronous converter, the secondary of the former feeding the arma- 
ture of the latter with current at some frequencj' other than the im- 
pressed frequency; that is, it is a synchronous converter in combination 
irith an induction motor. 
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A Frequency Converter (preferably called a frequency changer) 
converts alternating current at one frequency into alternating cturent 
of another frequency, with or witiiout a change in the number of phases 
or voltages. 

A Rotary Phase Converter changes alternating current of one or 
more phases into alternating current of a different number of phases, 
but of the same frequency. 



ALTERNATINe CiJRRENT 



DIRECT CURRENT 



INPUT 



OUTPUT 



N 




^mm 



5 



fflG. 2.034. — ^Diagram of ring wound single phase rotary converter. It is a combination of a 
synchronous motor and a dynamo. The winding is connected to the commutators in 
the usual way, and divided into two halves by leads connecting segments 180** apart 
to collector rings. A bipolar field is shown for smaplicity; in practice the field is multi- 
polar and energized by direct current. 



Rotary Converters. — The synchronous or rotaxy converter 
consists of a synchronous motor and a direct current generator 
combined in one machine. It resembles a direct current gen- 
erator with an unusually large commutator and an auxiliary 
set of collector rings. 
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Ques. In general, how does a rotary converter operate? 

Ans. On the collector ring side it operates as a synchronous 
motor, while on the commutator side, as a dynamo. 

Its design in certain respects is a compromise between alternating 
current and direct current practice most noticeably with respect to the 
number of poles and speed. 

Ques. Upon what does the speed depend? 

Ans. Since the input side consists of a synchronous motor, 



N 




S 



Pig. 2,035. — Dia«;ram of two phase rotary converter. This is identical with the single phase 
machine with the exception that another pair of collector rings are added, and connected 
to i)oints on the winding at right angles to the first, ^ving four brushes on the alternat- 
ing side for the two phase current. The pressure will be the same for each phase as in 
the single phase rotary. Neglecting losses the current for each phase will be equal to 
the direct current X 1 + V2"" direct current X .707. 



the speed is governed by the frequency of the alternating current 
supplied, and the number of poles. 

Fi^. 2,034 is a diagram of a ring wound rotanr converter. This style 
winding is shown to simplify the explanation. In practice drum wound 
ansatures are used, the operation, however, is the same. 
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With this simple machine the following principles can be demon- 
strated: 

1. If the coil be rotated, alternating currents can be taken fiom the 
collector rings and it is called an alternator. 

2. By connecting up the wires from the commutator s^ments, a 
direct current will flow in the external circuit making a dynamo. 

3., Two separate currents can be taken fipm the armature, one supply- 
ing alternating current and the other direct current; such a m achipe is 
called a double current generator. 




P a, 2,036. — ^Diagram of three phase rotary converter. In this type, the winding is tapped at 
three points 120° distant from each other, and leads connected with the corresx>onding 
commutator segments. 



4. If a direct current be sent in the armature coil through the com- 
mutator, the coil will begin to rotate as in a motor and an alternating 
current can be taken out of the collector rings. Such an arrangement 
is called an inverted rotary converter. 

6. If the machine be brought up to sjmchronous speed by external 
means and then suppHed with alternating current at the collector rings, 
then if the direction of the current through the armature coil and the 
pole piece have the proper magnetic relation, the coil will continue to 
rotate in synchronism with the current. A direct current can be taken 
from the commutator, and when used thus, the machine is called simply 
a rotary converter. 
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Figs. 2,037 to 2,041. — Various 
rotary converter and transformer 
connections. Fig. 2,037 two 
phase connections ; fig. 2.038 
three phase delta connections; 
fig. 2,039 three phase Y or star 
connections; fig. 2,040 six phase 
delta connections; fig. 2,041 six 
phase Y connections. 
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Ques. What is the relation between the impressed 
alternating pressure and the direct pressure at the com- 
mutator? 

Ans. The ratio between the impressed alternating pressure 
and the direct current pressure given out is theoretically constant, 
therefore, the direct presstire will always be as 1 to .707 for 
single phase converters or if the pressure of the machine used 
above indicate 100 volts at the direct current end, it will indicate 
70.7 volts at the alternating current side of the circtiit. 

Ques. Name two different classes of converter. 

Ans. Single phase and polyphase. 

Ques. What is the advantage of polyphase converters? 

Ans. In the majority of cases two or three phase converters 
are used on account of economy of copper in the transmission 
line. 

Ques. How is the armature of a polyphase converter 
connected ? 

Ans. Similar to that of an alternator with either delta or 
Y connections. 

Figs. 2,037 to 2,041 show various converter connections between the 
collector rings and commutator. 

Fig. 2,037 indicates how the armature is tapped for two phase con- 
nections. 

Fig. 2,038 shows three phase delta connections, and fig. 2,039 th« 
three phase Y or star connections. 

Six phase delta and Y connections are frequently used as shown in 
fig. 2,040 and fig. 2,041, both of which require two secondary coils in 
the transformer, one set of which is reversed, so as to supply the current 
in the proper direction. 

Ques. With respect to the wave, what is the relation 
between the direct and alternating pressures ? 

Ans. The direct current voltage will be equal to the crest 
of the pressure wave while the alternating voltage will depend 
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on the virtual value of the maximum voltage of the wave accord- 
ing to the connections employed. 

In a single phase rotary, the value of the direct pressure is 1 to .707, 
therefore a rotary which must supply 600 volts direct current must be 
supplied by 6OCX.707 =424 volts alternating current. For three phase 
rotaries the ratio is 1 to .812, or in order to produce 600 volts direct 
current. 600X.612=367 volts on the alternating current side of the 
rotary is required. 



eia. Z,0i2. — WestinjihouH rotary cooverter ar 
copper and an mterchangeable. The armai 
the tsita BpedGed in the staadaidiistion n 
Eogiocen 



Ques. How is the voltage of a rotary varied on the 
direct current side? 

Ans. Pressure or potential regulators are put in the high 
tension alternating current circuit and may be regulated by small 
motors operated from the main switchboard or operated by har " 



1,466 HAWKINS ELECTRICITY 

Ques. What is the advantage of unity power factor foi 
rotary converters? 

Ans, It prevents overheating when the rotary is delivering 
its full load in watts. 

Ques. What greatly hifluences the power factor of the 
high tension line? 

Ans. The strength of the magnetic field. 



linfttions f™ing tba or 



le anna and in theia 



Ques. Does yariation of the field strength materially 
affect the voltage? 

Ans. No, 

Since variation o£ the field strength does not materiallj' affect the 
voltage, by adjusting the resistance in series with the magnetic circuit, 
the strength of the field can be changed and the power factor kept 1 
or nearly 1 as different loads are thrown on and off the rotary. 

Ques. What is the effect of a field too strong or too 

weak? 

Ans. If too strong, a leading current is produced, and if too 



weak, the current lags, both of which reduce the power factor 
and are objectionable. 

UsuaUy; there is a power factor meter connected up in the niain gener- 
ating station and one also in the rotary substation, and it is the duty o( 
the attendant at the substation to maintain the proper power factor. 

Ques. What is the ordinary range of sizes of rotaries? 

Aos. 'Prom 3 kw. to 3,000 kw. 



Fig. 2.IM1.— Bgualiier connectiong of Westinghouae rotary cnaverter. The armsturs coQa 
are cross connected at points of equal voltage and taps are led out from the vinding at 
niitable pointa to the sbp rings. This eonstniction insures a uniform aimalure saturation 
below each pole pitce and elimiiiatea one cause of sparkuie at the commutator. 

Ques. What Is the general construction of a rotary 
converter. 

Ans. It is built similar to a dynamo with the addition of 
suitable collector rings connected to the armature windings at 
points having the proper phase relations. 

Standard rotary converters have been developed for 25 and 60 cycles. 
The standard railway machines are compound wound, the series field 
being designed for a compounding of 600 volts at no lead and full load 
whensupphed from a source of constant pressure with not more than 10 
per cent, resistance drop and with 20 to 30 per cent, reactance in the ■ ' 
cuiL Hie large size machines are usually wound for siK phase <^ier 
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Compounding of 
Rotary ConTerters. 

— Compounding is de- 
sirable where the load 
is variable, such as is 
the case with inter- 
urban railway sys- 
tems. The purpose of 
the compoimding is to 
compensate automati- 
cally for the drop due 
to line, transformer, 
and converter impe- 
dance. 

On account of the 
low power factor 
caused by over com- 
pounding, and the 
fact that substations 
are customarily con- 
nected to the trolley 
at its nearest point 
without feeder re- 
sistance, over com- 
pounding is not 
recommended. An 
adjustable shunt to 

• the series field 13, 
provided with each 
machine. 

. Shunt wound con- 
verters are satisfac- 

■ tory for substations in 
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large cities and siTnilar installations where due to the larger 
number of car uniis demanding power, the load is more nearly 
constant. 

Ratio of Conversion. — The relation between the alternating 
and direct current voltages varies slightly in different machines, 



I Fia. S.04T. — WBUsgboDBe rotary converter bnuh rigging Bhowteg method of brsdiii the 

V bnishes. The brushes Are supported by a rigid cast irtm rocker ring which fits accurately 

j in the frame. A handwheel wonn and screw arrangement for shifting the bruriies is 

] provided. Cast iron arms bcdted ti>, but insulated from the rings, caxry the rods en which 



due to differences in design. The best operating conditions 
exist when the desired direct current voltage is obtained with 
unity power factor at the converter terminals when loaded. 
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Vvi. 9,048. — WestioghouaB commuta^ng ^1e rotary oonverier. The constmcbon detaOa 
«ra Bubrtantifllly tho Bama as for the railway converter, witheiceptioo o€ ths oammutating 
poks. Tha applicatiun of commutating pole converters is partlculflrly desiiablo »het« 
special requirements such ss great overload capacity or large capacity and low voltage 
enable them to show la the greatest advantage. Commutatmg poles as applied to lotaiy 
converters fulfill the same functions as in the more familiar applications to dynamoa and 
motors. That is, the commutating pole insures sparkless commutation from no load 

'- ' rerloads with a fiied bnShjjoailion. Brush ahifdng devices aio not turnisbed 

[tverters. Commutating pole rotair Gonverteis for railway 
fed for automatio compounding which Is effected by the proper 
tatjon and inductance between the generator and the rotary 
;e is normally included in the tranaformer but in special cases 
id partly in a separate reactance. It is possible ' 

_.- :_ .1.. a: . — i. j prOlridedtlH 



SiTi^ 



le in the direct current voltage pro'ri3ed the volta 



inlhe altematingcurreut linebe cot HjCHsive. Usually 



_. — — the alternating cm 

ighouse method of starting is altonating cm 



IT dunng the stsiting operation tc 

s shown in Sg. S,(Ul^ is provided whic'- 

r starting a bnish liftmg device ^ 



Q, as shown in Sg, 3pCS(^ is provi£d which accomplishee 
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Oues. Upon what does the ratio of conversion depend ? 

Ans. Upon the number of phases and method of coonectm£ 
the windings. 

For siogle phase or two phase machines it is 1 to .7; for three phase, 
1 to .612, or six phase, 1 to .7 or 1 to .613 depending upon the kind 
c^ connection used for tiie transformer. 

For ejiampk, a two phase rotary receivii^ alternating current at 426 
volts will ddiver direct current at 600 volts, while a three phase rotary 
receiving alternating current at 367 volts will deliver direct current at 
600 volts. 



LUtatiae pole of Westinghoose commutating pole rotBiT a 



coil and between I 
lasolattog bottfl 



Ques. What di£&culty would be encountered if other 
ratios of conversion than those given above were required? 

Ans. An armatiu:e with a single winding could not be used. 



Ques. What change In voltage is necessary between a 
converter and the alternator which furnishes the current ? 

Ans. The voltage must be reduced to the proper value by a 
step down transformer- 
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Voltage Regulation. — As the ratio of the alternating to the 
direct current voltage of a converter is practically constant, 
means must be provided to compensate for voltage variation 
due to changes of load in order to maintain the direct current 
pressure constant. 

There are several methods of doing this, as by: 



. — WHtinghouso brush lifting device for conunulating . -.. .. 

i atucbedto each brash aTahown. Into this rack the spring hinged lifting book 
raising davice engages only when the lifting lev« is shifiert toward ihe tai»-i1 twki. 
Tbelifting arrangement is independent of the bmshe 






irely raised and 



1. Shifting the brushes (objectionable); 

2. SpUt pole method ; 

3. Regulating pole method; 

4. Reactance method; 

5. "Multi-tap" transformer method. 

6. Synchronous regulator. 



IP 

i 

In: 
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Shifting the Brushes. — ^Were 
it not for the difficulties encount- 
ered, this would be a most con- 
venient method of voltage 
regulation, since by this proced- 
n»eD ure the direct current voltage 
ijlig may be varied from maximum 
to zero. It is, however, not 
practical because of the excessive 
sparking produced when the 
brushes are shifted out of the 
neutral plane. 

Split Pole Method.— In order 

to overcome the difficulty en- 
countered in shifting the brushes 
the split pole method was devised 
by Woodbridge in which each 
field pole is split into two or 
three parts. 

The effect of this is the same 
as shifting the brushes except that 
no sparking results. 

The other part is arranged so 
that its excitation may be varied, 
thus shifting the resultant plane 
of the field with respect to the 
direct current brushes. 

One of these parts is perma- 
nently excited and it produces 
near its edge the fringe of field 
necessary for sparkless commuta- 
tion. 
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Regulating Pole Method. — As applied to the rotary con- 
verter regulating poles fulfill the same functions as commutating 
or interpoles (see page 385) on motors and dynamos, that is, 
they insure sparkless commutation from no load to heavy over- 
loads with a fixed brush position. 



Fkj. 2.054. — General Electijc regnlating polo Totaiy coanrter. The field Etracturo is divMod 
into two parts, a main pole and a ngulating pole. The ratio between the voLtsKea OQ 
the direct current and alternating euirent sides may be readily varied by varying the 
excitation of the rwulating poles, the only auxiliary apparatus required being a field 
rheostat for controlling the exciting current. Where automatic regulation is required, 
machines may be provided with compoimd windings, or automatic ^eld regulators may 

fitant D. C- voltage with varying A. C. voltage or to vary the D. C. voltage aa requiied. 
Converters may be operated inverted where it is reouired to fiimish constant or variable 
A. C. voltage from a D. C. source. Where converter and inverted oinveiter operation 
are desired, an opposite direction of rotation is required for the inverted operation. 

Btructcd to give a vdtage range between 240 and 300 volts, to cover the usual lightmB 
is used for the main polo, in o^ler to allow 
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The regiilating poles are used in order to vary the ratio be- 
tween the alternating cturent collector rings and the direct 
current side without the use of auxiliary apparatus such as 
induction regulators or dial switches which involve compUcated 
connections and many additional wires. The regulating poles 
are arranged with suitable connection so that the current through 
them can be raised, lowered or reversed. 



The characteristics of the regulating pole converter being 
novel, a detailed explanation of the principles involved is given 
to facilitate a clear imderstanding of its operation. 

Considei' a machine with a field structure as shown in fig. 2,056 re- 
sembling in appearance a machine with conunutating poles, but with 
the brumes so set that one of the r^ulating poles adds its flux to that of 
one main pole, cutting the inductors between two direct current 
brushes. The regulating pole is shown with a width equal to 20 per cent. 
ot that ot the main pofe. 

To obtain definite figures, it will be assumed that the machine at 

normal speed, with the main poles excited to normal density, but with 

^r, ,^^t^ri^^ ^^ tfig r^ulatmg [Kiles, gives 250 volts direct current 

gulatii ' . ■- 
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as the main poles, and with a polarity corre^xmding to that of the 
main pole in the same section between brusnes, the direct current 
pressure will rise to 300 volts at the same speed, since the total flux 
cutting the inductors in one direction between brushes has been increased 
20 per cent. 

If, on the other hand, the excitation of the rec^ulating poles be reversed 
and increased to the same density as that of the main poles, the direct 
curr«it pressure will fall to 200 volts, since in this case the r^^ulating 
poles give a reverse pressure, that is, a pressure opposing tiiat generated 
by the main poles. 

Now, if the machine be equipped with collector rings, that is, if it 




Fig. 2,056. — Diagram of field of regulating pole converter illustrating principles explained in 
the accompanying text. 



be a converter, this method of varying the direct current voltage from 
200 to 300 volts does not give nearly as great a variation of the alter- 
nating current voltage; in fact, the latter voltage will be the same when 
delivering 200 volts as when delivering 300 volts direct current pressure, 
if the field excitation be the same. 

This may be seen by reference to fig. 2,057, which is a diagram of the 
alternating curr«it voltage developed in the armature winc&gs by the 
two sets of poles. 

The horizontal line OA represents the alternating current voltage 



NOTE. — In the Burnham split pole rotary converter, each pole is divided into only two 
sections, one larger than the other. A main shunt winding is arranged on the large sections, 
and a winding for providing the voltage regulation is placed on the other section. When the 
current is sent through this latter winding m one direction the voltajgpe is raised* wheQ in tbo 
other direction the voltage is lowered* 
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generated by the main poles, alone, with the regulating poles imexcited, 
that is, when delivering 250 volts direct current pressure. 

For a six phase converter OA measures about 180 volts diametrically, 
fiiat is, between electrically opposite collector rings. 

K now the regulating poles be excited to fuU strength, to bring the 
direct current pressure up to 300 volts, the alternating current voltage 
generated by the regulatmg poles will be 90 degrees out of phase with 
that generated by the main poles (since they are placed midway between 
the main poles), and will be about 40 volts as shown by the line AB. 

The resultant alternating current volts across the collector rings will 
be represented by the line OB with a value equal to 184. 

Again, if the regulating poles be reversed at full strength, to cut the 
direct current pressure down to 200 volts, the alternating current voltage 




Pig. 2,057. — Voltage diagram for regulating pole converter illustrating principles explained 
in the accompanying text. 

of the main and regulating poles will be OA and AC respectively, giving 
the resultant OC equal to OB with a value of 184 volts. Accorcfingly, 
the direct current pressure may be either 200 or 300 volts with the same 
alternating current pressure, and if the main field be kept constant, 
the direct current pressure may range between 200 or 300 volts, while 
the alternating current pressure varies only between 180 and 184 volts. 

The alternating current pressure can be kept constant through the 
full range of direct current voltage by changing the main field so as 
always to give an equal and opposite flux change to that of the regu- 
lating field. A constant total flux may thus be obtained equal to the 
radius of the arc BC, fig. 2,057. In this case the line OA, representing 
the main field strength, will equal OB. when the regulating field is not 
excited, and 250 volts can only be obtained at this adjustment. 

This method of operation gives unity power factor with a constant 
impressed pressure of 184 volts alternating current with a range of direct 
current voltage from 200 to 300 volts. 
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Pigs. 2,058 and 2.050. — Diagrams illttstratins the effect on the alternating ctirrent voltage 
due to varying the regu^ting field strength (of a machine proportioned according to 
fig. 2,060), from a density equal to that in the main poles to the same density reversed* 
the main field strength remaminff constant. The D. C. voltage in this case varies from 
30 per cent, above uiat produced by the main field alone to 30 per cent, below, or from 
325 to 175 volts, while the A. C. voltage varies only from 200 to 176 volts. To keep 
the A. C. voltage constant with such a machine the main field must be strengthened as 
theiegulacingfieldisweakenedorreversed toreducethe D. C. voltage. This stroigthening 
increases the core loss particularly on low direct current voltages, which however, are rarely 
required, hence a machine proportioned as in fig. 2,060, would not be operated through 
so wide a range as 175 to 325 volts. Assume that the range is 240 to 300 volts, and that 
at the highest voltage, both main and regulating fields have the same density, presenting to 
the armature practically one continuous pole face of uniform fiux intensity. The dia- 
gram of A. C. component voltages to give constant A. C. resultant voltage across the 
rings for the case, is shown in fig. 2,059. At 300 volts D. C, the main fieldproduces an 
A. C. voltage OA, and the regulating field, a voltage AB, with a resultant OB, equal to 
about 200 volts A. C. At 270 volts D. C, the main field produces an A. C. voltage OA, 
and a regulating field voltage AB, giving a resultant A. C. voltage OB, equal to 200 volts, 
^milarly, at 240 volts D. C, the main field produces an A. C. voltage OA, and the regu- 
lating field (now reversed) produces the reverse voltage AB, giving the resultant OB 
again equal to 200 volts. It will be noted that, theoretically the main field strength 
must be increased about 15 per cent, above its value at 300 volts D. C. in order to keep 
the D. C. voltage at 250 volts. 
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Ques. Where should the regulating poles be located 
for best results ? 

Ans. A better construction is obtained by placing them 
closer to the corresponding main pole, as in fig. 2,060, than when 
spaced midway between the main poles as in fig. 2,056. 

Ques. When the regulating poles are spaced as in fig. 
2,060, what is the effect on the direct current voltage? 

Ans. The effect is the same as for the midway position 
(fig. 2,056) except for magnetic leakage from the n^in poles to 




Pig. 2,060. — Diajsram illustrating placement of regtilatingr poles. In practice machines are 
not built as mdicated diagrammatically in fig. 2,056, that is, with regulating poles spaced 
midway between the main poles, because a better construction is obtained by placing the 
regulating pole closer to the corresponding main pole, as shown above. 



the regulating poles when the latter is opposed to the former, 
that is, when the direct current voltage is being depressed. 

Ques. What is the effect on the alternating current 
voltage? 

Ans. It is somewhat altered as explained in figs. 2,058 and 
2,059. 
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Reactance Method. — 'This consists in inserting inductance 
in the supply circuit and running the load current through a 
few turns around the field cores. This method is sometimes 
called compounding, and as it is automatic it is generally used 
where there is a rapidly fluctuating load. 



Pkj. 2,061.— WestinBhoaao SOO kw., l.SOO volt, three phase. 2 



I£ a lagging current be passed through an inductance, the 
collector ring voltage will be lowered, but will be raised in case 
of a leading current. The degree of excitation governs the 
change in the phase of the current to the converter, the excita- 
tion, in turn, being regulated by the load current. AcconSin^ 
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with series inductance, the effect o£ the series coils on the field 
o£ the converter is quite similar to that of the compounding of 
the ordinary railway dynamo. 

Multi-tap Transformer Method. — The employment of a 
variable ratio step down transformer for voltage regulation is a 
non-automatic method of control and, accordingly, is not de- 
sirable except in cases where the load is fairly constant over 
considerable periods of time. It requires no special explanation. 



na 



J oparatinK parts ... 

B, backed T)/ a spring. The machine la so installed w 

1 shaft fact 



the end carrying t he oa cfjlator. A 

reaction of the spnng forces the armature away from its nature 
ball to drop back to ma lowest pfnnt of the race. 



Synchronous Booster Method. — This consists of combining 
with the converter a revolving armature alternator having the 
same number of poles. 
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Ques. How Is the wlndit^ of the booster alternator 
armature connected? 

Ans. It is connected in series with the input circuits on the 
converter. 



Pic. 2,063,— Westing 
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simple and easily understood. It 



be built, if necessaiy, nitli a, verljcal shaft to satisfy special floor spac« and bead n>om 



Ques. How are the field windings connected? 

Ans. They are either fed with current regulated by means 
of a motor operated field circuit rheostat, or joined in series with 
the commutator leads of the converter. 



CONVERTERS 



Pic. 2M4. — Annatiiie of Wwtaoghouso synchronous booawr converter. Heavy cart y 
fonnthefra^nw. They are proportioned to rigidly support the laminated steel field p 
ITie poles are fastened to the frame with throusb bolts. A liftinH hook ia provided o 
frames. The bed plates ere in one piece tor the smaller machines Imt two piece bed pi 
are used for the larger one^ The bearings are ring oiling and have babbitt wearing 
faces that are renewable. 



Ptc. 2,005. — WestinErbouse field frames and bearings for synchronoos booster rotary converter. 
The frames consist o£ heavy cast yokes. The poles are (aateijed to the frames vrith through 
bolta. The bed plate ia in one piece for the small machines and in two pieces for the 
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Ques. For what service is tlie synchronous booster 
method desirable? 

Ans. For any application where a relatively wide variation 
in direct current voltage is necessary- 
It is particularly desirable for serving incandescent lighting systems 
where considerable voltage variation is required for the compensation 
of dra^i-a long feeders, for operation in parallel with storage batteries 
and for electrolytic work where extreme variations in voltage are required 
by changes in the re^stance of the electrolytic cells. 



naisting of 2,300 volt synchrono 



Motor Generator Sets. — The ordinary rotary converter is 

the most economical machine for converting alternating currents 
into direct currents, and where slight variations in the direct 
current voltage is necessary, they are mostly used on account 
of their high efficiency, and because they are compact. 
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In many 
central sta- 
tions where 
they supply a 
great variety 
q£ apparatus, 
the motor 
generatorsets 
are employed 
as the gener- 
ator is inde- 
pendent of 
the alternat- 
ing ciirreint 
line voltage 
and any (de- 
gree of yolt- 
^e regulation 
can be' per- 
formed. " 

Motor 
Generator 
Combina- 
tions.— The 
following 
combinations 
of motor generators are made and used to suit local conditions: 

Synchronous motor dynamo 

Induction motor dynamo 

Direct current motor dynamo 

Direct current motor alternator 

Synchronous motor alternator 

Induction motor alternator 
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Standard practice has adopted high tension alternating 
current for transmission systems, but direct current distributioa 



I 

i 
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is very frequently used. This is particularly true where alter- 
nating current apparatus has been introduced in old direct 
current lighting systems. 

The synchronous motor or the induction motor connected to 
a generator stands next in importance to the rotary converter 
because it is easy to operate and the pressure may be changed 
by a rheostat placed in the field circuit of the generator. 

The line wires canying full voltage can usually be connected 
direct to the motor and thus do away with the necessary step- 
down transformer required by the rotary. 

Ques. What is the behavior of a rotary converter when 
hunting? 

Ans. It is liable to flash over at the direct current brushes, 
which is coKMnon in high frequency converters where there are 
a great ntmiber of poles and the brushes are necessarily spaced 
dose together around the commutator. 

Ques. Is this fault so pronounced with motor gener- 
ator sets ? 

Ans. The motor generator operating on a high frequency 
circuit, the generator can be designed with a few poles and the 
brushes set far apart which will greatly reduce the chance of 
flashing over. 

# 

A synchronous motor will drive a generator at a constant speed 
during changes in load on it, and by having a field r^^ulating resistance 
it can be used to improve the power factor of the system. 

When an induction motor is used its speed drops off slowly as the 
load comes on the generator, and it is necessary to regulate the voltage 
of the generator by means of a field rheostat, or compoimd woimd 
machines may be used. 

While an induction motor requires no separate excitation of the 
field magnets like the synchronous motor, it3 wept on the pQwer factor 
of the system is undesirable. 
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Although it is seldom necessary to convert direct current to alter- 
nating, such an arrangement of a direct current motor drivii^ an 
alternator is often justified in pLice of an inverted rotary converter, 
as in this case the alternating current voltage can be changed inde- 
pendent of the direct current voltage. 

The racing of an inverted rotary under a heavy inductive load or 
short drcuit does not take place in motor generator set mentioned above. 



Fig. 2.009. — General Electric frequency changer set. consisting of a 11.000 volt lynchranooi 

Frequency Qiat^lng Sets. — A frequency of 25 cycles is 
generally used on railway work and in large cities using the 
Edison three wire systeni,andas a 25 cycle current is not desirable 
for electric lighting it is necessary to change it to 60 cycles by 
means of a frequency changer shown in fig. 2,069 for distribution 
in the outiying districts. 
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The two machines in this combination are of the same con- 
struction, only the synchronous motor would have eight poles 
and have the 25 cycle current passing through it, while the 
generator would have 20 poles and produce 62J^ cycles per 
second at 300 revolutions per minute. By supplying the motor 
with 24 cycles, the generator would produce 60 cycles. 



Flc. Jff70. — General Electric four unit trequency chinger set conaslana "of a 11,000 volt 
nyTTchionous motor. 13.200 volt alternator. 250 voll eidter. und 440^t stanins induction 

tained by ahiftlns the Iceyway. or by special cradle conslraction. In the latter method, 
one machine is bolted to a ciodle fastened to the base. By Caking out the bolts, the frame 
can be turned around through a email angle relatively to the cnidle and therefore to the 
an[iatuT« frame of the other machine, when the bolts can be replaced- 

It will be seen from the figure that the separate exciter is 
fastened on the base plate and has its armature directly con- 
nected to the shaft. 

Parallel Operation of Frequency Changers. — It is very 
difiBcult to construct two or more frequency changers and join 
them to synchronous motors so that the current wave of one 
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machine will be in phase with the other, mnce the speed of the 
motor will depend on the frequency of the line and be independent 
of the load thrown on it. 

When alternators are run in parallel, if one machine lag 
behind, the other carries the load with the result that the lightly 
loaded machine will speed up and get in step with the other, or 



2,071.— Diajfsm pi "Cascade" molot generatot let or motor eonverter.aa it i« called la 

irmature winding, some of ths connections aro omitted for simplidtiF. Tbs windinsa aia 
Y connected, and as they are fed by wires jtmicd to the slip rings at the ri^ht and center. 



in other words a synchronizing current will flow between the 
two alternators and tend to keep them in proper relation with 
respect to phase and load. 

Cascade Gonrerter. — This piece of apparatus was intro- 
duced by Arnold and La Cour, Briefly, it consists of a com- 
bination of an induction motor having a wound armature and 
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a dynamo, the armatures being placed on the same shaft. The 
windings are joined in cascade, that is, in series with those o£ 
the armature of the induction motor. The line supplies tiiree 
phase currents at high voltage direct to the £eld of the inducttoa 



Pic. 2,072. — Cenenl Electric ihunt wound booster set. Sets of this class u 
eta^ons to raise tbe prnsure of the fwden exteuding to distant poin' 
for Btoiagfl battffy ch&reuig and r^^ulation, and in connection with the ! 
lighting system. The design of the various sets ia closely dependent upon 



11 generally bo economipa 

vpper. It is important, nuwcvcr, k> vn^uei tw.u 

1 booster arises, aa a separate problem, and to deter. 



motor and drives it, generating in it currents at a lower voltage 
depending on the ratio of the windings. 

Part of the current thus generated in the armature passes 
into the armature of the dynamo and is converted by the 
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commutator into direct current as in a rotary converter, but Is 
also increased by the current induced in the winding of the 
dynamo armature. 



Fig. 2.073.— General Electric 0,5 bw. 1.000 R.P.M. balancer set. This is a tomi of dinct 
cuirent eompensatot. the units, of which it is composed may be alternately motOT at 
generator, and the secondary circuit is interconnected with the primary. Balanoor Hta 
are widely used lo provide the neutral of Edison three wire liahting systems. They an 
alBoiaslalledfor power service in connection with the use of 250 volt motors on aSOOw* 
service or 125 voft motors ons 250 volt service. Althoupjh the balancer set may be manll- 

mends the three wire system as it is_simpkr. The motors may be more equally divided 
and the reserve margin of the motor is moie conservative for that class of work requiring 
increase in torque with decrease in speed. The voltage of the system bdng giveil, the 
capacity of a three wire balancer set is Gxed by the maiimum current the ueuti^ inra It 
required to carry. This figure is a more definite specification of capacity than ■ itatament 
in per cent, of unbalanced load. As designed for power work and generally for lightioa 

rasulla for operating alternately either as a generstor or motor. Where the chansea ot 
balance are so gradual as lo permit of hand adjustment it desired, a conddetabls jncnaaa 

Ques. At what speed does the machine run? 

Ans. Assuming equal numbers of pole, the armatures rotate 
at a speed corresponding to one half the circuit frequency. 
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Thus if the motor 
have six poles and 
the frequency be 50, 
the rotary field re- 
volves at 60 X 60 
+3 = 1,000 R.P.M.. 
and the motor will 
revolve at one-half 
that speed or 1,000 
+ 2-500R.P.M. 

Since the con- 
nections are so ar- 
ranged that these 
currents tend to 
set up in the arma- 
ture a revolving 
field, rotating at 
half speed in a sense 
opposite to that in 
which the shaft is 
rotating at half 
^eed, it follows 
d:at by the super- 
position of this re- 
volving field upon 
the revolutions of 
the machine, the 
magnetic effect is 
equivalent to a ro- 
tation of the arma- 
tureatwhole speed- 
so that it operates 
in synchromsm, as 
does the armature 
of a rotary con- 
Half the electric 
input into the mo- 
tor part is, there- 
fore, turned into 
medianical energy 
to drive the shalt, 
the other half 
acts inductively on 
the armature wind- 
ing, generating cur- 
rents thereiii. 
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As to the dynamo part it is half generator, receiving mechanical 
power by transmission along the shaft to furnish half its output, and it 
IS half converter, turning the currents received from the armature into 
direct current delivered at the brushes. 

Ques. What action takes place in the motor armature 
winding? 

Ans. Since it runs at one-half synchronous speed, it generates 
alternating current of half the supply current frequency, de- 
livering these to the armature of the dynamo. 

Ques. What claim is made for this type of apparatus? 

Ans. The cost is said to be less than a motor generator set, 
and it is claimed to be self -synchronizing and to require no 
special starting gear, also to be 2.5 per cent, more efficient than 
a motor generator. 

Ques. How is the machine started from the high 
pressure side? 

Ans. The field winding is connected directly to the high 
pressure leads. The three slip ring brushes are connected with 
external resistances which are used while starting, the external 
resistances being gradually cut out of the circuit as the machine 
comes up to speed (the same as with an ordinary slip ring motor). 

Ques. How does a cascade converter compare with a 
synclironous converter? 

Ans. It is about equally expensive as the synchronous 
converter with its necessary bank of transformers, but is about 
one per cent, less efficient. It is claimed to be more desirable 
for frequencies above 40 on account of the improved commu- 
tation at the low frequency used in the dynamo member. For 
lower frequencies the synchronous converter is preferable. 



^ 
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CHAPTER LIV 

RECTIFIERS 

The purpose of a rectifier is to change alternating current 
into a uni-directional or ptdsating current. There are several 
classes of apparatus to which the term rectifier may be 
applied, as 

1. Mechanical rectifiers; 

2. Electrolytic rectifiers; 

3. Mercury vapor rectifiers, or,' mercury arc rectifiers; 

4. Electro-magnetic rectifiers. 

Mechanical Rectifiers. — By definition, a mechanical rectifier 
is a form of commutator operating in synchronism with the 
generator and commutating or rectifying the negative waves 
of the alternating current as shown graphically in figs. 2,076 and 
2,078. The essential features of construction are shown in fig. 
2,079. 

Ques. Mention some application of a mechanical 
rectifier. 

Ans. It is used on a compositely excited alternator as il- 
lustrated on page 1,192. 

Electroljrtic Rectifiers. — If two metals be placed in an elec- 
trolyte and then subjected to a definite difference of pressure, 
they will (under certain conditions) offer greater resistance to the 



1,496 HAWKINS ELECTRICITY 

passage of a current in one direction, than in ihe other direction. 
On account of this so called valve effect, electrolytic rectifiers 
are sometimes called "valves." 
Ques. What metal is generally used for the cathode? 

Ans. Aluminum. 



— Diagrams ibowiag alternatiiis cuireats, and partial u>d completa recti. 



Ques. What is generally used for the other electrode? 

Ans. Lead or polished steel. 



Ques. Describe the "Nodon ^ve." 

Ans. The cathode is of aluminum or aluminum alloy, and the 
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other electrode, which has considerably more surface, is the 
containing vessel. The electroljrte is a neutral solution of 
ammonia phosphate. 

Ques. Describe its action. 

Ans. It is due to the formation of a film of normal hydroxide 
of aluminum, over the surface of the aluminum electrode. This 
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Fig. 2.079. — Mechanical rectifier. The rectifier consists of two castings M and S with teeth 
which fit together as shown, being insulated so they do not come in contact with each 
other. Every alternate tooth, being of the same casting, is connected tog^her, the 
same as though joined by a conducting wire. There are as many teeth as there are poles. 
The part M of the rectifier is connected to one of the collector rings by F, and the part 
S to the other ring by G. 



film presents a very high resistance to the current when flowing 
in one direction but very little resistance, when flowing in the 
reverse direction. 

Ques. What is the effect when a Nodon cell is supplied 
with alternating current? 

Ans. Half of the wave will be suppressed and an inter- 
mittently pulsating current will result as shown in fig. 2,077. 
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Ques. How may both halves of the alternating waves 
be utilized? 

Ans. By coupling a series of cells in opposed pairs .as in fig. 
2,080, 
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Fig. 2,083. — Perfonnance curves of five ampere Nodan valve. Constant secondary voltage 
test. Loaded on non-inductive resistances. Frequency 50. Maximum i>ower factor 
on valve .7. 



Ques. Upon what does the efficiency of the film depend ? 

Ans. Upon the temperature. 

It should not for maximum efficiency exceed 86 degrees Fahr. There 
is also a certain critical voltage above which the film breaks down 
locally, giving rise to a luminous and somewhat disruptive discharge 
acoompaSued bv a rapid rise of temperature and fall in efficiency. 
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Pnc. 2,084. — Mohawk electrolytic rectifier and switchboard; diagram showing oonnections 
for charging storage battery. Operating instructions: After assembling battery as in 
fig. 2,065, the film must be formed on the aluminum alloy electrodes so that the rectifier 
mil pass current only in the right direction. Open switch B, close switch T to the rifi^t; 
discharge lever can be in any i>osition; charmng resulator lever must be to the extreme 
leftf the zero XHMition; now close main switch M. Moving regulator lever K from the sero 
positionto the first butt«i or contact, let it remain there for a tune, not less than flv« mln * 
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Ques. When an electrolytic rectifier is not in use for 
some time wliat happens? 

Ans. The dectrodes will loose the film. 



TnHHSroltMCR 



2.086 Md 2.086.— MiAawlteleetrolvticrectifiBT. To pnt in eommiaKon 



GE. 2,08fi Uld 2.066.— Mohawk electralytic 
Fill with distilled or rain water. Adds 



the cow in position. The fipeciEc gravity ol the solution should be 1.125. 

□ electrode must hang straieht down in the solution and not touch either 

of the other elutninam >Uoy electrodea. The ahiminuni alloy electrodes ore mounted on an 
insBlated bracket that slides up and down on a X" rod. This md screws in the hole 
taped in the middle ot the cover. The electrodes give the beat results aaXy when perfectly 
smooth. Should they get rough, covered with a deposit or a white coating remove from 

Aim aftain and the electrodes will be as gMd as new. Clean iron electrods occasionally. 

uteai tkisisimpofiant.oR the proper rectification of the current depends on the film formed 
on the aluminum rods. The ammeter after the first rush of current may not show any 

finger on ttw jirst button until the needle comes back to lero. This may take some time. 

when the needle returns to zero. Move r^ulator R to the e:ttreme right step by step and 

ise switch T to the left in normal 
the flow of current through the 

le. discharge lever can be mov^ 
J- The voltage of the batteries 
ischarge lever connects ^e bat- 

mstratea itwlf 

stedany time !_.__. 

3 the right; If the rectiSer be in 

current to fiow throogh the rectifier, the ammeter will read negative or to deleft of theserp. 
Ad old BolatlDn that i> heating and not rectifying prODerly will turn a reddish brown color. 
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Ques. What must be done In such case ? 

Ans. The electrodes must be reformed. 
Ques. How Is the loss of film prevented? 

Ans. By removing the electrodes from the electrolyte and 
drying them. 



_, _, _„- ^ , valve. It depends for ita action on the weU-known 

Bdiaon effect in glow lampa. The vakvc consisU of a carbon filarnent glon lamp with A 
e central horseshoe filsment. Aioncd this filament inside the eihauateif bulb n 
a amall cylinder of nickel, which i^ connected by means cf » platinum wire sealed 



snilaUi batliry. 



meter will then be traversed by a series of rapid discharges all in lh( 



mirror galuaifomelFr , the nickel cyUnder 
. ., ... ._. 1..- J The B^vano- 



,__.., tioo, tho* 

"fiction being entirely suppressed. 



Ques. What attention must be given to the electrolyte? 

Ans. Water must be added from time to time to make up 
for evaporation. 

This is necessary to keep tbe solutkin at the proper densily. 
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Ques. What is the indication that the rectifier needs 
recharging? 

Ans. Excessive heating of the solution with normal load. 

Ques. What is the indication that a rectifier is passing 
alternating current? 

Ans. It will heat, and if the solution be very weak, it vnUL 
cause a buzzing sound. 
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Pig. 2,088. — The Churcher valve. This is of the modified Nodon type. It differs from the latter 
in that it has two cathodes of altiminum and an anode of lead or platinum, suspended in 
the one cell. This permits the complete utilization of both halves of the supply wave 
with one cell instead of the four required in the Gratz method. The connections of 
such a cell are shown in the figure. The secondary of the transformer carries a central 
tapping, and is connected through the direct current load to the central anode, while each 
of the cathodes is connected to the ordinary terminals of the transformer itself. The 
practical limits of the cell are 50 volts direct current, or 130 volts at the transformer ter- 
minals AB. P, is the anode ; C, cathode I; D, cathode II. 



Ques. What harm is caused by operating a rectifier 
with a weak electrolyte? 

Ans. The electrodes will eat away. 

A few of the so called electrolytic valves are here briefly described: 
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The Audlan Valve.— This valve was invented by De Forest in 1900- 
and is practically identical with the Fleming oscillation valve, the 
latter being illustrated in fig, 2.087. 

Grisson Valve. — In this valve the cathode is a sheet of aluminum, 
and the anode, a sheet of lead, supported, in the original form, hori- 
zontally in a vessel containing the electrolyte, consisting of a solution 
of sodium carbonate. Cooling is effected by circulating water through 
metal tubes in the electrdyte itself. 
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Fawlowaki Valve, — This is an electrolytic valve employii^ a solid 
electrolyte. It consists of a copper plate which has been coat«i wiOi a 
crystalline layer of carefully prepared copper hemisulphide, prepared by 
melting sulphur and copper together out of contact with air. The pre- 
pared plate is placed in contact with an aluminum sheet and the com- 
bination is then formed by submitting it to an alternating pressure 
until q>aikiiig, which at first occurs, ceases. 
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Giles Electric Valve. — This consists of a combination of spark gaps 
and capacity used to protect electrical apparatus against darnage due to 
atmospheric discharges and resonance surges. The spark gaps are 
formed between the ed^es of sharp rimmed discs of non-ardng metal. 
These discd are insulat^ from each other, and from the central tube, 
which provides a support for the apparatus and also an earth. The 
condenser eSect is obtained by means of the annular discs and the tube; 



series, complete the v 



Buttner Valve, — It is of the Nodon type employing a cathode of 
magnesium-aluminum alloy, and probably iron or lead as anode, with 
an electrolyte of ammonium borate. Buttner claims that the borate is 
superior to the phosphate in that it does not attack iron, and will kec^ 
in good working condition for longer periods. 
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Pio. 9,092. — 76 light WeitiDfhoiue-Coopsr Hamtt mercury vapor rectifier constant cunent 
rwilatiiw tnuufiHmer niih cue remaytd. Tbe tronsConner is o[ the repulsion ohI tn>e, 
oil cooled and oil insulated. It is so arranged as to give a conatant secondary current 
and to insulate tbe arc lines from the priioary circuit. The refEUlatinff trarisfornier con- 
laiitn two Rtatinnjirv firtvindflrv coilq find two mavinff pTiniaiy coila balanced against 
75 light regulator is wound in two parts, owjng 
1 outfits of this capacity. The repulsion between 
;3 the distance between them scconjln^ to tha 

nt in the eecondary is thus ^ept constant. An 

— .— « — — .w. — , y and secondary coils to separate, and a decrease in 

current pemuts them to approach each other, until tbe normal balance is restored. Tlie 
moving coils are hung fiom sheave wheels having roller bearings and are balanced bo that 
Uiey are sensitive to the slightcat impulse tending to separate them or draw them closer 
twether. (See figs. 1,981-2, and 2,111.) The windings are insulated for a voltage con- 
«eiably in eicess of that existing in norroal service. Several taps are provided to taka 
care of different voltages and wave forms. A combination of taps will be found which 
- '- ' ■ ■■"■- -"- American institute of Electrical 



SSpef cent, of normal load, so that .. „ 

powei factor. Any part of the full load can be carried temporarily with the full load 
connections of the transformer, but at peimanent light loads the power factor and effi- 

transiormera are wound for 6.8 and 4 amperes, and for primary circuits of 220, 440, 1.100 
2,200, B.eooand 13,200 volts. Regulators can be Epecially wound (or G.5 amperes. Fat 

sillied ic pairs with an auiihary auto-transformer to give a balanced ioaA. 'nie regulaton 
ow ba cecnecteJ. in caiM wbaie tha unhslanring u not ob jectiaiuble, fn ■iijiiiialiiiiliiw 
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Mercury Vapor Rectifiers. — The Cooper Hewitt mercury 
vapor rectifier, as shown in fig. 2,093 consists essentially of a 
hermetically sealed giass bulb filled with mercury vapor and pro- 
vided with four electrodes. The two upper electrodes are of solid 
material and the two lower of mercury. 

The solid electrodes are the positive electrodes; the mercury 
electrodes are the negative electrodes. 

The mercury pools of the two lower electrodes are not in 
contact when the bulb is vertical, but the bulb is so mounted 
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Fig. 2.093. — Diagram of connections of Wcstinghouse-Cooper Hewitt mercury vapor rectifier 
arc light circuit. 



that it can be tilted to bring these two pools temporarily in 
contact for starting. 

The bulb contains highly attenuated vapor of mercury, which, 
like other metal vapors, is an electrical conductor under some 
conditions. The positve electrodes are surrounded by this 
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Fig. 2,094. — Cooper Hewitt mercury vapor rectifier. The mercury vapor rectifier as devdoped 
by Peter Cooper Hewitt for changing alternating current into direct cturent is the result 
of a series of careful experiments and investigations of the action going on in his mercury 
vapor lamp for electric lii^hting used on direct current circuits only. While many attempts 
have been made to produce an alternating current lamp, up to the present time, they have 
been unsuccessful. The difficulty of operating a lamp on the alternating current circuit 
lies in the fact that while a current will flow freely tm'ough it in one direction, when the 
current reverses the negative electrode or cathode acts as an electric valve and stops the 
current, thus breaking the circuit and putting out the light. By following up this new 
electrical action, Hewitt applied the prmciple'm the construction of a vacuum tube with 
suitable electrodes, and by using two electrodes of iron or graphite for the positive or in- 
coming current and one of mercury for the negative or where the current leaves the tube, 
the circuits could be arranged so that a direct current would flow from the mercury electrode 
and be used for charging storage batteries, electro-chemical work or operating direct current 
flame arc lamps. As shown in the figure, tlie rectifier consists essentially of a glass bulb 
into which are sealed two iron or graphite anodes and one mercury cathode^ and a small starting 
electrode. The bulb is filled with mercury vapor under low pressure. The action of this 
device depends on the property of ionized mercury vapor of conducting electricity in one direc- 
tion only. In operation no current will flow until the starting[ or negative electrode resist- 
ance has been overcome by the ionization of the vapor in its neighbomood. To accomplish 
this, the voltage is raised sufficiently to cause the current to jump the gap between the mer- 
cury cathode and the starting cathode, or by bringing the cathode and starting electrode 
together in the vapor by tilting and then separating them, thus drawing out the arc. When 
this has been done, current will only flow from the anode to the mercury cathode, and not 
in the reverse direction. In order to maintain the action, a lag is produced in each half 
wave by the use of a reactive or sustaining coil; hence the current never reaches its aero 
value, otherwise the arc would have to be restarted, lliere are two kinds of losses in the 
tube: 1, arcing f or leakage from one anode to the other, and 2, the mercury arc voltage drop. 
This drop does not depend on the load, the energy represented by the drop being converted 
mto heat, which is dissipated at the surface of tne containing vessel. According to Stdn- 
metz, the limit of voltajg^e must be very high, as 36,000 volts has been rectified. The current 
outout is limited principally by the leading-in wires to the electrodes, it being a difficult 
problem to seal into the glass container the large masses of metal required for the conduction 
of large currents. Frequency has but little influence. The direct current voltage ranges 
from 20 to 60 i>er cent, that of the arc supply. The life of the valve depends somewhat 
apOQ its size, being kuiger in the small siaes and never, with fair usage, less than 1,000 hoiuii 
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vapor. Current can readily pass from either of the solid 
electrodes to the mercury vapor and from it to the mercury 
electrode, but when the direction of flow tends to reverse, so 
that current would pass from the vapor to the solid electrode, 
there is a resistance at the surface of the electrode, which entirely 
prevents the flow of current. 
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?IG. 2,095. — ^Three phase mercury arc rectifier. The rectifier bulb is provided with three 
I)ositive electrodes or anodes, a negative electrode or cathode, and a starting anode, as 
shown. The three phase leads are connected to the anodes at the top of the bulb, a 
branch from one phase being brought down to the starting anode, a resistance being placed 
in the circuit to prevent excessive current on account of the proximity of the two lower 
electrodes. Since there is always a pressure on one of the three anodes in the right direc- 
tion, a reactance coil is not necessc^. The apparatus is started in the usual way by tilting. 

The alternating current supply circuit is connected to the two 
positive electrodes as shown in the diagram, and as the electrodes 
will allow current to flow in only one direction and oppose any 
current flow in the opposite direction, the pulsations of the 
current pass alternately from one or the other of the positive 
electrodes into the mercury. 
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As these currents cannot pass from the vapor into either 
positive electrode, they are constrained to pass out all in one 
direction through the mercury electrode, from which they 
emerge as a uni-directional current. The positive electrodes 
of the rectifier thus act as check valves, permitting current to 
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Figs. 2,096 to 2,098. — Westinghouse diagrams showing comparative effidendes of di£Ferent 
systems of series arc lighting. 



pass into the mercury vapor but not allowing it to pass from 
the vapor to the solid electrodes. 

Ques. What condition prevails before the bulb starts 
to rectify? 

Ans. There appears to be a high resistance at the surface 
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of the mercury, which must be broken down so that the current 
can pass. 

Ques. What is this apparent surface resistance called? 

Ans. The negative electrode resistance, 

Ques. What must be done before any current can pass? 

Ans. The negative electrode resistance must be overcome. 

When once started the current will continue to flow, meeting with 
practically no resistance as long as the current is uninterrupted. 

Ques. What will happen if the current be interrupted 
even for the smallest instant of time ? 

Ans. The negative electrode resistance will re-establish 
itself, and stop the operation of the bulb. 

Ques. How is the negative electrode resistance over- 
come? 

Ans. The bulb is tilted or shaken so that the space between 
the mercury electrodes is bridged by the mercury. 

Ques. What happens when the bulb is tilted ? 

Ans. Current then passes between the two mercury elec- 
trodes from the starting transformer and the little stream of 
mercury which bridges the space between the electrodes breaks 
with a spark as the bulb is returned to its vertical position. 

Ques. What duty is performed by the spark? 

Ans. It breaks down the negative electrode resistance. 

Ques. What conditions are now necessary for con- 
tinuous operation of the rectifier? 

Ans. The rectifier will now operate indefinitely as long as 
the current supply is uninterrupted and the direct current load 
does not fall below the minimum required for the arc. 
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G. 2,101,— General Electno fiO liaht 
outfit; front view. This unit con 
tanlc and eidting transformer tat 
pilot lajiip mounted on top of the trans 
outlet, with the exception of the 



Ques. Is the rectifier 
self -starting; 

Ans. After the bulb has 
been started a few times, as 
described above, it becomes 
self-starting, so that tmder 
all ordinary operating con- 
ditions it will commence 
to operate when the 
switches connectii^ it with 
the load and the alternat- 
ing current supply are 
closed, 

Ques. What provision 
is made in the Westing- 
house - Cooper Hewitt 
rectifier to render it 
self-starting; 

Ans. It is rendered seH- 
starting by means of a 
condenser. 

Ques. Describe the 
arrat^ement and oper- 
ation of the condenser. 

Ans. The condenser is 
connected between one of 
the positive electrodes and 
a coating of tinfoil outside 

inunoQ base; Biso a static discharger and 
lent makes the rectifier 
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\a. 2,va. — General Electric 2,200 volts, 60 csw:le, primary, 6.0 ampere. Mcojidaiy, 75 li^ 
double tube mercury u^ Tfctifier outfit with automatic ghaVing device, the case bemg 



currents to the startmE anodes of the rectifier tube. This current establishes an aunlurj 
arc when the tube is shaJten, which is oecessarj' in order to start the rectifier. Theeicitinj 
transformer is wound for 110 volts and it consumes about 200 volt-amperes. Tie 

same casing. It is connected in senes with the lamp load and its function is to reduce tht 
pulsations of the circuit to a value most patlsfactory for operation. The tube tank for holi 

SSia^ulwcSritrispmvidedfo'r^raisinKorlowi ' "'" ""^ 

is provided to gauge the temperature of the oil i 
ing oE hora gapa in series witi resistance, are coi 
in order to Btotect the tubes and other appara; 
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the part of the bulb containing the mercury, and induces static 
sparks on the surface of the mercury which break down the 
negative electrode resistance. 

The action of the rectifier will be better understood by reference to 

the di^am of current waves and impressed i "" "" "" "' 

figs. 2,103 to 2,106. 



,106. — Diagram of ennent waves and Impreas«d pressure of Weslanghoas6.Cm)per 
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Ques. Describe a mercury vapor rectifier outfit for 
series arc lifting. 

Ans. It consists of a constant current regulating transformer. 
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a rectifier bulb, and a control panel containing the necessary 
switches, meters, etc. The transformer and rectifier bulb are 
mounted i" **'- '•""-" * — '' 
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Ques. Describe the construction and operation of the 
mercury arc* rectifier shown in fig. 2,108. 

Ans. Fig. 2,108 is an elementary diagram of connections. 
The rectifier tube is an exhausted glass vessel in which are two 
graphite anodes A, A', and one mercury cathode B. The small 
starting electrode C is connected to one side of the alternating 
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Pig. 2,108. — ^Elementary diagram of mercury arc rectifier comiections. A.A., grapliite anodes; 
B, mercury cathode ;C, small starting electrode; D,battery connection; E and P,reactance 
coils, G and H, transformer terminals; J. battery. 



circuit, through resistance; and by rocking the tube a slight arc 
is formed, which starts the operation of the rectifier tube. At 
the instant the terminal H of the supply transformer is positive, 
the anode A is then positive, and the arc is free to flow between 
A and B. Following the direction of the arrow still further, the 

•NOTE. — ^The terms vapor and arc as applied to rectifiers, do not indicate a different prin- 
c^le; the Westinghouse Co. employ the former, and the General Electric Co., the latter. 
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current passes through the battery J, through one^half of the 
main reactance coil E, and back to the negative terminal G of 
the transformer. When the impressed voltage falls below a 
value sufficient to maintain the arc against the reverse pressure 
of the arc and load, the reactance E, which heretofore has been 
charging, now discharges, the discharge current being in the same 
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Fig. 2,111. — ^Diagram showing connections of General Electric series mercury arc rectifier. 



direction as formerly. This serves to maintain the arc in the 
rectifier tube until the pressure of the supply has passed through 
zero, reversed, and built up such a value as to cause the anode 
A to have a sufficiently positive value to start the arc between 
it and the cathode B. The discharge circuit of the reactance 
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coil E is now through the arc A'B instead of through its former 
circuit. Consequently the arc A'B is now supplied with current, 
partly from the transformer, and partly from the reactance coil E. 
The new circuit from the transformer is indicated by the arrows 
enclosed in circles. 

Ques. How Is a mercury arc rectifier started ? 

Ans. A rectifier outfit with Its starting devices, etc., is shown 
iaf^. 2,114 to 2,116. To start the rectifier, close in order named 
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- _. ~., d rise and (all 

from thf »ro linf m Uluatiated in fig, 2,112. The aclion of Ihf rfactance coil Dol only 
maintains the current chrouah the tube while the sunply current is passina through 
lero, but hdpa to emooth out the pulsations of the direct current which Is passing out 
of the cathode terminal of the tube to the batteries, or other direct current apparatiii 
put in its circuit. The smoothing out effect of the reactance is ehown in fig. 2.113. It 
will be seen from the diagram that the current does not drop down to lero and the pul- 
sations of the dinct current are greatly reduced. TfaewavesA. A.etcBiefrom'thenositive 
wave* of the alternating curteot supply, while B. B. are from Che negative waves, and to- 



gether they form the rectified 
direct current drei ' ' 



circuit shown at B In the diagram, fig. 2, 



line switch and circuit breaker; hold the starting switch in oppo- 
site position from normal; rock the tube gently byrectifier shaker. 
When the tube starts, as shown by greenish blue light, release 
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Starting switch and see that it goes back to normal position. 
Adjust the chaining current by means of fine regulation switch 
on the left ; or, if not sufficient, by one button of coarse regulation 
switch on the right The regulating switch may have to be 
adjusted occasionally during charge, if it be desired to maintain 
charging amperes approximately constant. 



Fics,_2.n7«ida,ll8.— Genmsl Elect™ meccury uo bulba or tuba tor 200 and 10,000 volt 

Oues. In the manufacture of rectifiers, could other 
metals be used for the cathode in place of mercury? 

Ans. Yes. 

Oues. Why are they not used? 

Ans. Because, on account of the arc produced, they would 
trraduallv wear away and could not be replaced conveniently. 
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In tbe case of mercury, the excess vapor is condensed to liquid form 
in the lat^e glass bulb or condensing chamber of the tube and gravitates 
back to the cathode, where it is used over and over again. 

Ques. In the operation of rectifiers, how is the heat 
generated In the bulb dissipated? 

Ans. In small rectifier sets the heat generated is dis^pated 



Piij. a.llB; — General Electric »eriei_mercucy «ro rectifier outfit; view (howins method rf 



through the tube to the air, and in large tubes such as used in 
supplying 40 to 60 kw. for constant current flaming arc lights 
ouerating at 4 or 6.6 amperes, the tubes are immersed in a 
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tank of oil, and cooled dmilar to the arrangement used for oil 
insulated water cooled transformers. 

Oues. What results are obtained with oil cooled tubes? 

Ans. In practice it is found that the life of oil cooled tubes 
is greatly increased and tempa-ature changes do not affect the 
ability to start up as in the air cooled tubes. 



V 



« rectlfler tube. AAt n 



Ques. In the op^^tion of a rectifier, name an inherent 
feature of the mercury arc. 

Ans, A reverse pressure of approximately 14 volts is pro- 
duced, which remains nearly constant throt^h changes of load. 
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frequency, and voltage. Its effect is to decrease the commercial 
efficiency slightly on light loads. 

Ques. What is the advantage of a rectifier set over a 
motor generator set? 

Ans. Higher efficiency and lower first cost. 

Ques. What is the capacity of a rectifier tube? 

Ans. 40 to 50 amperes. 

Ques. How is greater capacity obtained ? 

Ans. When a greater ampere capacity is required, two or 
more rectifier sets can be joined to one circuit. 

The rectifier may be joined in series for producing an increased voltage 
or two tubes can be connected in series in a single set. 

Ques. For what service is a rotary converter better 
adapted than a rectifier? 

Ans. For power distribution and other cases where a great 
amoimt of alternating current is to be converted into direct 
current, the rotary converter or large motor generator sets are 
more practical. 

Ques. For what service is a rectifier especially adapted ? 

Ans. It is very desirable for charging storage batteries for 
automobiles from the local alternating current lighting circuit. 

When the consumer installs and operates the apparatus for his own use 
and wear, there is considerable saving over motor generator sets because 
a small one to two horse power motor generator outfit has an efficiency 
of only 40 to 60 per cent, while mercury vapor rectifiers will have Jiom 
75 to 80 per cent. 

Ques. What precautions should be taken in installing 
a rectifier? 

Ans. It should be installed in a dry place and care should 
be taken to avoid dangling wires near the tube to prevent 
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puncturing. If the apparatus be installed in a room of uniform 
moderate temperature very little trouble will be experienced in 
starting, while extreme cold will make starting more difficult. 



"^Electro-magnetic Rectifiers. — Devices of this class consist 
essentially of a double contact rocker which rocks on pivot 
(midway between the contacts), in synchronism with the fre- 
quency of the alternating current, so changing the connections 
at the instants of reversals of the alternating current that a 
direct current is obtained. 

Fig. 2,121 is a combined sketch and diagram of connections 
of a type of electro-magnetic rectifier that has been introduced 
for changing alternating into direct current. The actual ap- 
paratus consists of a box, with perforated metal sides, aboujt 
ten inches square and six inches deep. This box contains the 
step down transformer P,S,S', and the condensers K and K', 
the magnets and contact making device about to be described 
being fixed on the polished slate top of the box, exactly as 
shown in the figure. The transformer primary winding P 
msLy be connected through a switch 5 with a pair of ways on 
the nearest distribution box, or to a plug connection or lamp- 
holder, and the apparatus will give a rectified current of 6 or 
12 amperes at 20 volts, according to the size. 

S and S' is the secondary winding of the transformer, with 
a tapping t midway, joining it to a series circuit containing 
two alternating current electro-magnets E and E', whose 
cores are connected by the long soft iron yoke Y. Pivoted 
at P' is a steel bar SB, which is polarized by the two coils 
C and C the current being supplied by a cell A. Fixed 



•NOTE.. — ^The Edison dectio-magnetio rectifier is described in detail in Guidb No* 4» 
pages 942 to 945. 
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rigidly to SB, and moving with it, is a double contact piece CP 
with platinum contacts opposite similar ones on the fixed studs 
CS, CS'. 

CP is flexibly connected through F to one of the direct current 
terminals T, to which also are joined up one coating of each 
condenser K and K'. 
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Pig. 2,121. — Diagram showing essential features of Premier Ampero electromagnetic rectifier. 
Details of construction and principles of operation are given in the accompanymg text. 



The other direct current terminal T' is connected to the 
center of the transformer secondary at t; and CS and CS' are 
respectively joined up to either end of the secondary winding 
and to the other coatings of the. condensers. 
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When the alternating current circuit is broken, the springs 
SP, SP, carried by SB and bearing against the adjustable studs, 
keep SB, CS and CS'. The apparatus thus acts also as a «o 
voltage circuit breaker ^ for should the supply fail, the storage 
battery A' under charge will be left on open circuit. 

The action of the device is briefly as follows: 

Owing to the direct current in the magnetizing coils C and 
C one end of SB will be permanently of north and the other 
of south polarity; and since the polarities of the poles E and E' 
will alternate with the alternations of the transformer secondary 
current, SB will rock rapidly on its pivot, and contact will be 
made by turns with CS and CS'. 

The purpose of the condensers K and K' is to reduce the 
sparking at these points. When contact is made at CS, the 
direct current terminals T and T' are connected to the S half 
of the secondary winding; and when contact is made at CS', 
they are connected to the S' half. Thus a rectified tmidirec- 
tional current will flow from T and T', and it may be used to 
charge the battery A', work a small motor or for various other 
ptirposes requiring direct current. 

When the rectifier is used for charging storage batteries, the 
separate cell A may sometimes be dispensed with, the winding 
C,C' being connected to one of the cells under charge. 

The rectifier is adjusted to suit the frequency of the supply 
circuit by altering the distance of the poles of E and E' from 
the ends of the polarized armature SB; and also by changing 
the tension of SP, SP by mesms of the screw studs against which 
they bear. 
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CHAPTER LV 

ALTERNATING CURRENT SYSTEMS 



The facility with which alternating current can be trans- 
formed from one voltage to another, thus permitting high 
pressure transmission of dectric energy to long distances through 
small wires, and low pressure distribution for the operation of 
lighting systems and motors, gives a far greater variety of 
systems of transmission and distribution than is possible with 
direct current. 

Furthermore, when the fact that two phase current can be 
readily transformed into three phase current, and these con- 
verted into direct current, and vice versa, by means of rotary 
converters and rectifiers, is added to the advantages derived 
by the use of high tension systems, it is apparent that the 
opportunity for elaboration becomes almost unlimited. These 
conditions have naturally tended toward the development of 
a great variety of systems, employing more or less complicated 
circuits and apparatus, and although alternating current practice 
is still much less definite than direct current work, certain 
polyphase systems are now being generally accepted as repre- 
senting the highest standards of power generation, transmission 
and distribution. 

A classification of the various alternating current systems, 
CO be comprehensive, should be made according to several points 
sC vaewt as tcOams: 
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1. With respect to the arrangement of the circuit, as 

a. Series; 

b. Parallel; 

€• Series parallel; 
d. Parallel series. 

2. With respect to transformation, as 

Transformer; 

3. With respect to the mode of transmitting the energy, as 

a. Constant pressure; 
h. Constant current. 

4. With respect to the kind of current, as 

a. Single phase { gSJ^; 

b. Moooq^c 

{four wire; 
three wire; 
five wire; 



d. Three phase 



' eis wire; 
three wire; 
four wire; 
star connection; 
delta connection; 
star delta cnnnectlon; 
delta star connectk^*, 



.. Multi-phase { ^i^^^. 

6. With respect to transmission and distribution, as 

a. Frequency changing; 

b. Phase changing; 

c. Converter; 

d. Rectifier. 

In order to comprehend the relative advantages of the various 
alternating current systems, it is first necessary to understaxui 
the principle of vector summaUoH. 
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Vector Summation. — This is a simple geometrical process 
for ascertaining the pressure at the free terminals of alternating 
current circuits. The following laws should be carefully noted: 

1. // two alternating pressures which agre? in phase are con- 
nected together in series, the voltage at the free terminals of the 
circuit will be equal to their arithmetical sum, as in the case of 
direct currents. 

4 



B 




Pig. 2,123. — Vectors, A Tector la defined as: a line, conceived to have both a fixed length and 
a fixed direction in space, but no fixed position. Thus A and B are Unes, each having a 
fixed length, but no nxed direction. By adding an arrow head the direction is fixed and 
the line becomes a vector, as for example vector C. The fixed length is usually taken 
to represent a definite force, thus the fixed length of vector C is 4.7 which may be used 
to represent 4.7 lbs., 4.7 tons, etc., as may be arbitrarily assumed. 

When there is phase difference between the two alternating 
pressures, connected in series, the following relation holds: 

2. The valu£ of the terminal voltage unll differ from their 
arithmetical sum, depending on the amount of their phase difference. 

When there is phase difference, the value of the resultant is cxm- 
veniently obtained as explained below. 



Ques. How are vector diagrams constructed for obtain- 
ing resultant electric pressure? 

Ans. On the principle of the parallelogram of forces. 
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Ques. What is understood by die parallelogram of 
forces? 

Ans. It is a graphical method of finding the resultant of 
two forces, according to the following law: // Iwo Jorces acting 
on d point be represented in direction and intensity by adjacent 
sides' of a parallelogram^ their resultant will be represented by the 
diagonal of the parallelogram which parses through the point. 

Thus in fig. 2,124, let OA and OB represent the intensity and direction 
of two forces acting at the point O. Draw AC and BC, respectively 
parallel to OB and OA, completing the parallelogram, l^en will OCi 



A XT 




B 

Pk*. 2,124. — Parallelogram of forces. OC is the resultant of the two forces OA and OB. Thd 
length and direction oi the lines represent the intensity and direction of the respective 
forces, the construction being explained in the accompanjring text. 



the diagonal from the point at which the forces act, represent the 
intensity and direction of the resultant, that is, of a force eqtdvalent 
to the combined action of the forces OA and OB, these forces being 
called the components of the force OC. 

Ques. Upon what does the magnitude of the resultant 
of two forces depend? 

Ana Upon the difiEerence in directions in which they act, 
as shown in figs 2,125 to 2,128. 
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Ques. Is the parallelogram of forces applied when the 
difference in direction or **phase difference" of two forces 
is 90 degrees? 

Ans. It is sometimes more conveniently done by calculation 
according to the law of the right angle triangle. 
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Pigs. 2,125 to 2,128. — ^Parallelograxns of forces ibawlzig increase in magoitude of fhe resoltant 
of two forces, as their difference of direction, or electrically speaking, their phase differ^ 
em* is diminished. The diagrams show the growth <^ the resultant Ol the two .»equal 
forces OA and OB as the phase difference is reduced from 10<r successively to 120, 60, 
and 15 degrees. 



Aooordiag to this principle, if two altematiiig piessures have a phase 
differenoe of 90 d^rees they may be represented in magnitude and 
direction by the two sides of a right angle triangle as OA and OB in 
fig. 2,129; then will the hypotenuse AB represent the 'magnitude and 
modaaa of the resultant pressure. That is to say, the resql^t pressun) 
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EXAMPLE. — ^A two phase alternator is wound for 300 volts on one 
phase and 200 volts on the other phase, the phase difference being 90°. 
If one end of each winding were joined so as to form a single winding 
around the armature, what would be the resultant pressure? 

By calculation, substituting the given va4ues in equation (1), 



Resultant pressure = V300*+200*= V 130,000 =360.6 volts. 

This is easily done graphically as in fig. 2,129 by taking a scale, say, 
1" = 100 volts and laying off OA=3"=300 volts, and at right angles 
OB =2" =200 volts, then by measurement AB= 3.606" =360.6 volts. 




300 VOLTS 



Fig. 2,129. — Method of obtaining the resultant of two component pressures acting at right 
angles by solution of right angle triangle. The equation of the right angle triangle as 
explained at length in Guide No. 6, page 1,070. 



Ques. When the two pressures are equal and the 
phase difference is 90"^, Is it necessary to use equation (l) 
to obtain the resultant? 

Ans. No. The resultant is obtained by simply multiplying 
one of the pressures by 1.41. 

This is evident from ^g, 2,130. Here the two pressures OA and OB 
are equal as indicated by the dotted arc. Since they act at right angles, 
OB is drawn at 90** to OA. Acco rding to the equation of the right angle 

triangle, the resultant AB= Vl*+1*= V2= 1.4142 which ordinarily 
is ta£sii as 1.41. 



ALTERNATING CURRENT SYSTEMS 



i,53T 



Tins value will always represent the ratio between the- magnitude of the 
resultant and the two component forces, when the IcUter are^gwU, and have a 
phase difference of 90 degrees. 

Forms of Circuit. — ^Alternating current systems of dis- 
tribution may be classed, with respect to the kind of circuit 
used, in a manner similar to direct current systems, that is, they 




Fig. 2,130. — Diagram for obtainixig the resultant of two equal component pressures acting 
at ri^t angles. 

may be called series, parallel, series parallel, or parallel series 
systems, as shown in figs. 2,131 to 2,134. 

Series Circuits.— These are used in arc lighting, and series in- 
candescent lighting, a constant current being maintained; also for 
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constant current motors and generators suppl)ang secondary 
circuits. 

Several forms of constant current alternator, analogous to 
the Thompson-Houston and Brush series arc dynamos, have 

— )f ^ X — 
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Pigs. 2,131 to 2,134. — Various forms of circuit. These well known forms of circuit are used 
in both alternating and direct current systems. The simple series circuit, fig. 2,131, is 
suitable for constant current arc lighting. Fig. 2,132, shows the parallel constant pressure 
circuit; this form of circuit is largely used but is seldom v onnected direct to the alter- 
nator terminals, but to a step down transformer, on account of the low pressure gener- 
ally required. Pig. 2,133 illustrates a parallel series circuit, and 2,134, a series parallel 
circuit. 
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been introduced. In the design of such alternators self-induction 
and armature reaction are purposely exaggerated; so that the 
current does not increase very much, even when the machine 
is sh<nt circuited. With this provision, no regulating device 
is required. 



ie iQtenirban trolley luw, Balli* 

An objectionable feature is that the voltage of a constant 
current alternator will rise very high jf the circuit be opened, 
because it is then relieved of inductance drop and armature 
reaction. 

To guard against a dai^erous rise of vdtage, a film cut out or 
equivaient device is connected to the terminal of each machine so 
that it will short drcuit the latter if the voltage rise too high. 
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Ques. What advantage have constant current alter* 
nators over constant current dynamos? 

Ans. The high pressure current is delivered to the external 
circuit without a commutator, hence there is no sparking 
difficulty. 

The above relates to the revolving field type of alternator. There are, 
however, alternators in which the armature revolves, the current bang 
delivered to the external circuit through collector rings and brushes. 
This type of alternator, it should be noted, is for moderate pressures, 
and moreover there is no interruption to the flow of the current such as 
would be occasioned by a tangential brush on a dynamo in passing from 
one commutator segment to tSe next. 

In the revolving odd machine, thoi^h tlie amiatiu:e current be of very 
high pressure, the field current which passes through the brushes and 
slip nn^ is of lo^ pressure and accordingly presents no transmisaon 
difficulties. 



ir lighting and p> 
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Ques. State a disadvantage. 

Ans; Some source o£ direct current ifor field exdtation is 
reqiured. 

Ques. In a constant current series system, upon what 
does the voltage at the alternator depend? 

Ans. The number o£ devices connected in the drcuit, the 
volts required for each, and the line drop. 
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Parallel Circuits. — ^These are used for constant presstire 
operation. Such arrangement provides a separate circuit for 
each unit making them independent so that they may vary in 
size and each one can be started or stopped without interfering 
with the others. Parallel circuits are largely used for incan- 
descent lighting, and since low pressure current is commonly 
used on such circuits they are usually connected to step down 
transformers, instead of direct to the alternators. 

^VOfre MO VOLTS oyoijs 

2AMPERES "^^ '"^ 
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Pig. 2,137.— 4Diagram of parallel aeries circuit; showing fdtt of pressure between units. This 
system is very rarely used; it has the disadvantage that if a lamp filament break, the 
resistance of the circuit i^ altered and the strength of the current changed. The volt- 
meter shows the fall of pressure along the line. It should be iioted that, although the 
meter across AB is shown, as registering zero pressure, there is, strictly speaking, a slight 
pressure across AB, in sttnount, being that required to overcome the resistance of the 
conductor between A and B. 

Parallel Series Circuits. — Fig. 2,137 shows the arrange- 
ment of a parallel series circuit and the pressure conditions in 
same. Such a circuit consists of groups of two or more lamps 
or other devices connected in parallel and these groups con- 
nected in series. 

Such a circuit, when used for lighting, obviously has the 
disadvantage that if a lamp filament break, the resistance of 
the group is increased, thus reducing the current and decreas- 
ing the brilliancy of the lamps. This arrangement accordingly 
does not admit of tunxing off any of the lights. 
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Series Parallel Circuits. — ^The arrangement of circuits of 
this kind is shown in iig. 2,134; they are used to economize in 
copper since by joining groups of low pressure lamps in series 
they may be supplied by current at correspondingly higher 



Thus, if in fig. 2,134, 110 volt, J^ ampere lamps be used, the pressure 
OD the mains, that is, between anjr two points as A and fi would be 
llOXS^SSO volts. Each group would require ^ ampere and tJie 
five groups HX5=2H amperes. 



?]C. 2, 13S.— 44.000 volt lines entering the Gasti 
Tlie polea used are ot the twin circuit two an 
vaiyins from 45 to SO ttet, the latter weisl 
thai bases vreigbted with concreM. 

Transformer Systems. — Nearly all alternating current 
systems are transformer systems, since the chief feature of 
alternating current is the ease with which it may be transformed 
from one pressure to another. Accordingly, considerable 
economy in copper may be effected by transmitting the current 
at high pressure, especially if the distance be great, and, 1^ 
means of step down transformers; reducing the voltage at points 
where the current is used or distributed. 
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Ordinarily and for lines of moderate length, current is sent 
out direct from the alternator to the line and transformed by. 
step down transformers at the points of application. 

With respect to the step down transformers, there are two 
arrangements: 

1. Individual transformers; 

2. One transformer for several customers. 
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Fig. 2,139. — Diagram of transformer system with individual transformers. The efficiency is 
low, but such method of distributioa is necessary in sparsely settled or rural districts. 



Individual transformers, that is, a separate transformer for 
each customer is necessary in rural districts where the inter- 
vening distances are great as shown in fig. 2,139. 

Ques. What are the objections to this method of 
distribution? 

Ans. It requires the use of small transformers which are 
necessarily less efl&cient and more expensive per kilowatt than 
large transformers. The transformer must be built to carry, 
within its overload capacity, all the lamps installed by the 
a^tomer* since all may be used occasionally. 
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Usually, however, only a small part of the lamps are in use, and 
those only for a small part of the dajr, so that the average load on the 
transformer is a very small part of its capacity. Since the core loss 
continues whether the transformer be loaded or not, but is not paid 
for by the customer, the economy of* the arrangement is Very low. 

In the second case, where one large transformer may be placed at 
a distribution center, to supply several customers, as in fig. 2,140, the 
efl&dency of the system is miproved. 

Ques. Why is this arrangement more eflficient than 
when individual transformers are used? 




J 



SINGLE PHASt UNE 



«IOH ipRESSURE 



{jJiSMJUU 



TRANSFORMER 
AT DISTRIBUTION 
CtNTER 



HS 



s 



LOW J PRESSURE 



ALTERNATOR 



HM 



3 



CINE 



i 



^m 



w 



EM 



Fig. 2,140. — Diagram of transformer system with one transformer located at a distributioa 
center and supplying several customers as A, B, and C. Such arrangement is consider- 
ably more efficient than that shown in fig. 2,139, as explained ia the accompansdng text. 



Ans. Less transformer capacity is required than with in- 
dividual transformers. 

Ques. Why is this? 

Ans. With several customers supplied from one transformer 
it is extremely improbable that all the customers will bum all 
their lamps at the same time. It is therefore unnecessary to 
install a transformer capable of operating the ftdl load, as is 
necessary with individual transformers. 

Ques. Does the difference in transformer capacity 
represent all the saving? 
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Ans. No; one large transformer is more efficient than a 
number of small transformers. 

Oues. Why? 

Ans. The core loss is less. 

For instance, if four customers having 20 lamps each were supplied 
from a single transformer, the average load womd be about 8 lamps, 
and at most not over 10 or 15 lamps, and a transformer carrying 30 to 
35 lamps at over load wotdd probably be sufficient. A 1,500 watt 
transformer would therefore be larger than necessary. At 3 per cent. 
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Pig. 2,141. — Diagram illustratmff tlia use of step up and step down transformers on long dis- 
tanoe transmission lines. The saving in copper is considerable by emplo3dng extra high 
voltages on lines of moderate or great length as indicated by the relative sizes of wire. 

core loss, this gives a constant loss of 45 watts, while the average load 
of 8 lamps for 3 hours per day gives a useful output of 60 watts, or an 
all year efficiency of nearly 60 per cent., while a 1,000 watt transformer 
would give an au year efficiency of 67 per cent. 

For long distance transmission lines, the voltage at the alternator 
is increased by passing the current through a step up transformer, 
thus transmitting it at very high pressure, and reducing the voltage 
at the points of distribution by step down transformers as in fig. 2,141. 



Ques. In practice, would such a system as shown in 
fig. 2441 be used? 

Ans. If the greatest economy in copper were aimed at, a 
three phase system would be used. , 
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The purpose of fig. 2,141 is to show the importance of the tmos- 
former in giving a flexibility of voltage, by which the cost of the line is 
reduced to a minimum. 

Ques. Does the saving indicated in fig. 2,141 represent 
a net gain? 

Ans. No. The reductioa in cost of the transmission is 
partly offset by the cost of the transformers as well as by trans- 
former losses and the higher insulation requirements. 



PiO. 3,143. — Sbgle snd twin circuit poles (Southern Power Co.). The twin circuit pels at the 
liAt is used for 1 1,000 volt circuits, while the dngle circuit poles at the left carrj' 44,004 



Single Ptiase Systems. — There are various arrangements 
for transmission and distribution classed as single phase systems. 
Thus, single phase furrent may be conveyed to the vaxious 
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receiving tinits by the well known circuit arrangements known as 
series, parallel, series parallel, parallel series, connections pre- 
viously described and illustrated in figs. 2,131 to 2,134. 

Again single phase current may be transmitted by two wires 
and distributed by three wires. This is done in several ways, 
the simplest being shown in fig. 2,143. 
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Pig. 2,143. — Diasp^am illustrating single phase two wire transmission and three wire distribu- 
tion. The simplified three wire arrangement at A, is not permissible except in cases of 
very little unbalancing. Whsre the difference between loads on each side ot the neutral 
may be great some form of balancing as an auto-transformer or equivalent should be used, 
as at B. 




Ques. Under what conditions is the arrangement 
shown in fig. 2,143 desirable? 

Ans. This method of treating the neutral wire is only per- 
missible where there is very little unbalancing, that is, where 
the load is kept practically the same on both sides of the neutral. 

Ques. What advantage is obtained by three wire 
distribution? 

Ans. The pressure at the alternator can be doubled, which 
nieans, for a given number of lamps, that the current is reduced 
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to half, the pennj&- 
^ble drop may be 
doubled, the resist- 
ance of the wires 
quadrupled, and their 
cost reduced nearly 
75 per cent. 

QueB. What 
modification of cir- 
cuit A (fig. 2,143), 
should be made to 
allow for unbalanc- 
ing In the three 
wire circuit? 

Ans. An auto- 
transformer or "bal- 
ance coil" as it is 
sometimes called 
should be used asatB. 

This is a very desir- 
able method of balanc- 
ing when the ratio o£ 
transformation is not 
too large. 

Ques. Y<xr what 
service would the 
system shown In 
^. 2,143 be suit- 
able? 

Ans. For short 
distance t r a n s m i s- 
sion, as for instance, it 
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the case of an isolated plant because of the low pressure at 

which the current is generated. 



Ques. In practice are single phase alternators used 
as indicated in fi&. 2,143? 

Ans. Alternators are wound for one, two or three phases. 
Three phase machines are more commonly supplied and in 



Low voltage dynamo with gas cdbiqc 

many cases it will pay to install them in preference to single 
phase, even if they be operated single phase temporarily. 

For a ^ven output, three phase machines are smaller than single phase 
and the amgle phase load can usually be approximately balanced between 
the three phases. Moreover, if a three phase machine be installed, 
polyphase current will be available in case it may be necessary to operate 
polyphase motors at some future time. 

Standard three phase alternators will cairy about 70 per cent, of 
their rated kilowatt output when operated angle phase, with the same 
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Ques. How are three phase alternators used for shigle 
phase circuits ? 

Ans. The single phase circuit is connected to any two of the 
three phase terminal leads. 

Ques. What form of single phase ssrstem should be 
used where the transmission distance is considerable? 

Ans. The current should be transmitted at high pressure, 
a step down transformer being placed at each distribution 
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Pig. 2,146. — Diafi[raxn showing arrangement of single phase system for two wire transmisstoo 
and three wire distribution, where the transmission distance is considerable. In order 
to reduce the cost of the transmission line, the current must be transmitted at high ffres' 
sure; this necessitates the use of a step down transformer at the distributing center 
as shown in the illustration. 



center to reduce the pressure to the proper voltage to suit the 

service requirements as shown in fig. 2,146. 

Thus, if 110 volt lamps be used on the three wire drctiit, the pressure 
between the two outer wires would be 220 volts. A transformation 
ratio of say 10:1 would give 2,220 volts for the primary circuit. The 
current required for the primary with this ratio being only .1 that 
used in the secondary, a considerable saving is effected in the cost of the 
transmission line as must be evident. 

With the high pressure alternator only one transformation of the 
current is needed, as shown at the distribution end. 

In place of the high pressure alternator, a low pressure alternator 
could be used in connection with a step up transformer as shown in 
fig. 2,147, but there would be an extra loss due to the additional trans- 
former, rendering the system less efficient than the one shown in fig. 
2, 146. Such an arrangement as shown in the fig. 2,147 might be justifiM 
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in the case of a station having a low pressure alternator already in use 
and it should be desired to transmit a portion of the energy a consider- 
able distance. 

Ques. How could the system shown in %g. 2,147 be 
made more efficient than that of fig. 2,146. 

Ans. By using a high pressure alternator in order to con- 
siderably increase the transmission voltage. 

Thus, a 2,200 volt alternator and 1:10 step up transformer would 
give a line pressure of 22,000 volts, which at the distribution end could 
be reduced, to 220 volts for the three wire circuit, using a 100:1 step 
down transformation. 
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Fig. 2,147. — Diagrain illustratinir how electricity can be economically transmitted a consid- 
erable distance with low pressure alternator already in use. 



Ques. Would this be the best arrangement? 

Ans. No. 

Ques. What system would be used in practice for 
maximum economy? 

Ans. Three phase four wire. 

Ques. What are the objections to single phase gen- 
eration and transmission? 

Ans. It does not permit of the use of synchronous con- 
verters, self-starting S3mchronous motors, or induction motor 
starting under load. It is poorly adapted to general power 
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distribution, hence it is 
open to grave objections 
of a commercial nature 
where there exists any 

possibiKty of selling power 
or in any way utilizing it 
for general converter and 
motor work. 

Ques. For what 8OT- 
Tlce Is It desirable? 

Ans. For alternating 
current railway operation. 

There are advaut^es of 

simplicity in the entire 
generating, primary, and 
secondary distribution sys- 
tems for single phase foads. 



great that they justify con- 
siderabla expense, looked 
at from the railway point 
of view only, the angle 
phase system throughont 
may be considered as offer- 
ing the most advantage, 

Ques. What are the 
objectionable features 
of single phase alt^^ 
nators? 

Ans. This type of altar- 

Fig. 2.148.— Angle tower ahowing General Electric natOr haS an Unbalanced 

strain insulatoro. The lower being subject to . .- , . , 

BreBttortionalBtrainsiserectedonaTa^raiveCDii- armatUTC reaction WhlCh 

the BtandBTd tower but of heavier material, and IS the CaUSe of Consider* 
hmina the same vertical dimeneions but with „i,i„ fl, „ , :„(-:„_ ■ 4.1, 

bunaQft-Bqaan, able llux vanation in the 
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field pole tips and in fact throughout the field struc- 
ture. 

In order to iniimnize eddy currents, such alternators must 
accordingly be built with thinner laminations and frequently 
poorer mechanical construction, resulting in increased co^t of 
the machine. The large armature reaction results in a much 
pooter regulation than that obtained with three phase alter- 
nators, and an increased amount of field copper is required, also 
larger exciting tmits. These items augment the cost so that 



N 



FREQUENCY 60 
REQUIRES PER VOLT 
5.600 R.P.M. 
27,777 LINES OF FORCE 




FREQUENCY 25 
REQUIRES PER VOLT 
1,500 R.RM. 
J66.666 LINES OF FORCE 



Pig. 2,149. — ^Elementary alternator developing one volt at frequencies of 60 and 25, showii^ 
the effect of reducing the frequency. Since for the same number of pole, the R.P.M. 
have to be decreased to decrease the frequency, increased flux is requirea to develop the 
same voltage. Hence in constructiont low trequency machines require larger magnets^ 
increased number of turns in series on the armature coils, larger exciting units as compared 
with machines built for higher frequency. 

the single phase machine is considerably more expensive than 
the three phase, of the same output and heating. 

Ques. What factor increases the difficulties of single 
phase alternator construction? 

Ans. The difficulties appear to increase with a decrease in 
frequency. 

The adoption of any lower frequency than 25 cycles may result in 
serious difficulties in construction for a complete line of machine, 
especially those of the two or four pole turbine driven type where the 
field flux is very large per pole. 
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Monocyclic System. — In this system, which is due to 
Steinmetz, the alternator is of a special type. In construction, 
there is a main single phase winding an auxiliary or teaser 
winding connected to the central point of the main winding in 
quadrature therewith. 

The teaser coil generates a voltage equal to about 25 per cent, of 
that of the main coil so that the pressure between the terminals 
of the main coil and the free end of the teaser is the resultant 
of the pressure of the two coils. 
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Fig. 2,160. — Diagram of monocyclic system, showing lighting and power circuits. 



By various transformer connections it is possible to obtain 
a practically correct three phase relationship so that polyphase 
motors may be employed. 

In this system, two wires leading from the ends of the single 
phase winding in the alternator supply single phase current 
to the lighting load, a third wire connected to the end of the 
teaser being run to points where the polyphase motors are 
installed as shown in fig. 2,150. 

The monocyclic system is described at length in the chapter 
on alternators, Guide No. 5, pages, 1,156 to 1,169. 
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Two Phase Ssrstems. — ^A two phase circuit is equivalent to 
two single phase circuits. Either four or three wire may be 
employed in transmitting two phase current, and even in the 
latter instance the conditions are. practically the same as for 
single phase transmission, excepting the unequal current dis- 
tribution in the three wires. Fig. 2,151 shows a two phase 
four wire system. 
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Fig. 2,151. — Diagram of two phaae four wire lystem. It is desirable for supplying current 
for lighting and power. The arrangement here shown should be used only for lines ot 
short or moderate length, because ot the low voltage. Motors should be connected to a 
circuit separate from the lighting circuit to avoia drop on the latter while starting a 
motor. 



Ques. For what service is the sj^tem shown in fig. 
2451 desirable? 

Ans. It is adapted to supplying current for lighting and 
power at moderate or short distances. 

Either 110 or 220 volts are ordinarily used which is suitable for 
incandescent lighting and for constant pressure arc lamps, the lamps 
being coxmected singly or two in pairs. 
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Ques. Where current for both power and light are 
obtained from the same source how should the circuits 
be arranged ? 

Ans. A separate circuit shotild be employed for each, in 
order to avoid the objectionable drop and consequent dimming 
of the lights due to the sudden rush of current during the starting 
of a motor. 




TWO fHASC 

LOWPIIESGUN 

ALTERNMIM 



TWO PHAS£ 



-o- 
-o- 

-O- 



KM 



-o- 

-o- 



TWO 

THREE 
DISTRJaHHH 



THREE WIRE 



TRANSMISSION 




Pig. 2,152. — Diagram of two phase three wire system. A wire is connected to one end of 
eadi phase winding as at A and B, and a third wire C, to the other end of both phases 
as shown* 

Disagreeable fluctuation of the lights are always met with when 
motors are connected to a lighting circuit and the effect is more marked 
with alternating current than with direct current, because most types oi 
alternating current motor require a heavy current usually lagging con- 
siderably when starting. This not only causes a large drop on the 
line, but also reacts injuriously upon the regulation of transformers 
and alternators, their voltage falling much more than with an equal 
i non-inductive load. 



Ques. What voltage^ are ordinarily used on two phase 
lines of more than moderate length? 

Ans. For transmission distances of more than two or three 
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miles, pressures of from 1,000. to 2,000 volts or more are em- 
ployed to economize in copper. For long distance transmission 
of over fifty miles, from 30,000 to 100,000 volts and over are iised. 

Ques. For long distance transmission at 30,000 to 
40,000 volts, what additional apparatus Is necessary? 

Ans. Step up and step down transformers. 
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Fig. 2,153. — Diagram illustrating two phase three wire transmission. The third wire C is 
attached to the connector between one end of phase A, and phase B windings. 



Ques. Explain the method of transmitting, two phase 
current with three wires. 

Ans. The connections at the alternator are very simple as 
shown in fig. 2,152. One end of each phase winding is connected 
by the brushes a and b\ to one of the circuit wires, that is to 
A and B respectively. The other end of each phase winding is 
connected by a lead across brushes a' and 6, to which the third 
wire C is joined. 

The current and pressure conditions of this system are represented 
diagramatically in fig. 2,153. The letters correspond to those in fig. 
2,152, with which it should be compared. 
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As shown in the figure each coil is canying 100 amperes at 1,000 
volts pressure. Since the phase difference between the two coils is 

90®, the vojtage between A and B is V2 = 1.414 times that between 
either A or B and the common return wire C. 

The current in C is V2 = 1.414 times that in either outside wire A or 
B, as indicated. 

Ques. How should the load on the two phase three 
wire system be distributed? 

Ans. The load on the two phases must be carefully balanced. 

TWO PHASE 
INDUCTION >10TQR 




SINGLE PHASE MOTORS 
Pig. 2, 154-— 'Diagram of two phase three wire system and connections for motors and lis^t* 
ing circuits. 

Ques. Why should the power factor be kept high? 

Ans. A high power factor should be maintained in order to 
keep the voltage on the phases nearly the same at the receiving 
ends. 

Ques. How should single phase motors be connected 
and what precaution should be taken? 

Ans. Single phase motors may be connected to either or 
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both phases, but in such cases, no load should be connected 
between the outer wires otherwise the voltages on the different 
phases will be badly unbalanced. 

Fig. 2454 shows a two phase three wire system, with two wire and 
three wire distribution circuits, illustrating the connection for Hghting 
and for one and two phase motors. 
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Pig. 2,155. — ^Diagram of two phase system with four wire transmission and three wire dis- 
tribution. In the three wire circuits the relative pressures between conductors are as 
indicated; that is, the pressure between the two outer wires A and B is 141 volts, when 
the pressure between each cuter wire and the central is 100 volts. 



Ques. Describe another method of transmission and 
distribution with two phase current. 

Ans. The current may be transmitted on a four wire circuit 
and distributed on three wire circuit as in fig, 2,155. 

The four wire transmission circuit is evidently equivalent to two 
independent single phase circuits. 

In changing from four to three wires, it is just as well to connect the 
two outside wires A and B together (fig. 2,152), as it is to connect a' 
and b. It makes no difference which two secondary wires are joined 
together, so long as the other wires of each transformer are connected 
to the outside wires of the seoondaiy system. 
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Ques. For what service is the two phase three wire 
system adapted ? 

Ans. It is desirable for supplying current of minimtun 
pressure to apparatus in the vicinity of transformers. It is more 
frequently used in connection with motors operating from the 
secondaries of the transformers. 

Ques. How should the third or common return wire 
be proportioned ? 

Ans. Since the current in the common return wire is 41.4 per 
cent, higher than that in either of the other wires it must be of 
correspondingly larger cross section, to keep the loss equal. 





Pigs. 2,156 and 2,157. — Conventional diagrams illustrating star and delta connected three phase 
alternator aiinatures. 



Ques. What is the effect of an inductive load on the 
two phase three wire system and why? 

Ans. It causes an unbalancing of both sides of the system 
even though the energy load be equally divided. The self- 
induction pressure in one side of the system is in phase with 
the virtual pressure in the other side, thus distorting the cur- 
rent distribution in both circuits. 

Ques. Describe the two phase five wire system. 

Ans. A two phase circuit may be changed from four to five 
wires by arranging the transformer connections as in fig. 2,158. 
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As shown, the secondaries of the. transformers are joined in series and 
leads brought out from the middle point of each secondary winding 
and at the connection of the two windings, giving five wires. 

With 1,000 volts in the primary windings and a step down ratio of 
10 : 1, the pressure betwcjen A and C and C and E will be 100 volts 
and between the points and the connections B or D at the middle of 
the secondary coils, 60 volts. 

The pressureacross the two outer wires A and £ is, as in the three 

wire S5rstem, V2 or 1.41 times that from either outer wire to the mid- 
dle wire C, that is 141 volts. 

The pressure across the two wires connected to the middle of the 
coils, that is, across B and D, is 50X V2=70.5 volts. 
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Pig. 2.158. — ^Two phase fotir wire transmission and five wire distribution system. The rela- 
tive pressures between the various conductors are indicated in the diagram. 



Three Phase Systems. — ^There are various wajrs of ar- 
ranging the circtiit for three phase current giving numerous 
three phase systems. 

1. With respect to the number of wires used they may be 
classified as 

a. Six wire; 

b. Four wire; 

c. Three wire. 
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2. With respect to the connections, as 

a. Star; 

b. Delta; 

c. Star delta; 

d. Delta star. 

The six wire system is shown in fig. 2,160. It is eqtiivalent 
to three independent single phase circuits. Such arrangement 
would only be used in very rare instances. 
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Pig. 2,160. — ^Three phase six wire system. It is equivaleat to three independent single phase 
circuits and would be used only in very rare cases. 



Ques. How can three phase current be transmitted 
by three conductors? 

Ans. The arrangement shown in fig. 2,160 may be resolved 
into three single circuits with a conmion or grounded return. 

When the circuits are balanced the sum of the current being zero 
no current will flow in the return conductor, and it may be dispensed 
with, thus giving the ordinary star or Y connected three wire circuit, 
as shown in fig. 2,163. The transformation from six to three wires 
being shown in figs. 2,161 to 2,163. 



1,564 



HAWKINS ELECTRICITY 



PHASE n 



AhjOffN 



I 



LOAD 



I 



PHASE B 



LOAD 



I 



PHASE C 



I 



LOAD 



PHASE A 



l/T50?r>l 



■J I h- GROUND 



PHASE 6 



I 



\ 



I- GROUND 
I -GROUND 



PHASE C 



^ 



LOAD 
=" GROUND 



IS 



LOAD 
"GROUND 

-=- GROUND 
LOAD 



± 



PHASE A 




PHASE B 



PHASEC 



Z 



LQ^ 



OtjQAO 



Figs. 2,161 to 2,163. — Evolution of the three phase three wire system. Pig. 2,161 is a con- 
I ventional diagram of the three phase six wire system shown in 6g. 2,160. A wire is con- 
nected to both ends of each phase winding, giving six conductors, or three independent 
two wire circuits. In place of the wires running from A, B, and C, they may be removed 
and each circuit provided with a ground return as shown in fig. 2,162 . The sum of the 
three currents being zero, or nearly zero, according to the degree of unbalancing, the 
ground return may be eliminated and the ends A, B, and C of the three i^UUM wibdiog 
connected, as in fijs. 2,163, giving the soodled star Point, 
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Ques. What are the pressure and current relations 
of the star connected three wire sj^tem? 

Ans. These are shown in the diagram, fig. 2,166 and 2,167 




r connected alttraatt 
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Assuming 100 amperes and 1.000 volts in each phase Ending, tho 
pressure between any two conductors is equal to the pressure in one 
winding multiplied by V 3. that is 1,000X1.732 = 1,732 volts. 

The current in each conductor is equal to the current in the wind- 
ing, or 100 amperes. 

Ques. Describe the delta connection. 

Ans. In the delta connection, the three phase coils are con- 
nected together forming an endless winding, leads being brought 
out from these points. 




il 2,189.— Three phase delta code 



□al dioBram 



Oues. Wliat are the pressure and current relations 
of the delta connected three wire system? 

Ans. They are as shown in fig. 2,169. 

Assuming 100 amperes and 1,000 vdts in each phase niading, tiia 
pressure between any two conductors is the same es the pressuTO in 
the winding, and the current in any conductor is equal to the currait 
in the winding multiplied by V3, that is 100 X 1.732 = 173.2 ampen^ 
that is, disr^arding the fraction, 173 amperes. 
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Ques. What are the relative merits of the star and 
delta connections ? 

Ans. The power output of each is the same, but the star 
connection gives a higher line voltage, hence smaller conductors 
may be used. 

When it is remembered that the cost of copper conductors is inversely 
as the square of the voltage, the advantage of the Y connected system 
can be seen at once. 

Assuming that three transformers are used for a three phase system 

THREE PHASE CURRENT 
TWO TRANSFORMERS 



T 

CONNECTION 



I 



OOQOO0600OQOQOO J 
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Pig. 2.170. — ^T connection of transformers in which three phaae current is transformed with 
two transformers. The connections are clearly shown in the illustration. The voltage 
across one transformer ia only 86.6% of that across the other, so that if each transformer 
be designed especially for its work one will have a rating of .866EI and the other £1. 
The combined rates will then be 1.866 as compared with 1.732 £1 for three single phase 
transformers connected either star or delta. 

of given voltage, each transformer, star connected, would be wound 

for 1 -*• V3=«58% of the given voltage, and for full current. 

For delta connection, the winding of each transfonner is for 68% of 
the current. Accordingly the turns required for star connection are 
cmly 68% of those reqtuied for delta connection. 

Ques. What is the objection to the star connection 
for three phase work? 

Ans. It requires the use of three transformers, and if any- . 
thing happen to one» the entire set is disabled. 
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Oues. Does this defect exist with the delta connecticHi? 

Ans. No. 



Ques. Describe the T connection. 

Ans. In this method two transformers are used for trans- 
forming three phase current. It consists in connecting one 
end of both windings of one transformer to the middle point of 
like windings of the other transformer as in fig, 2,170. 




Ques. What Is the open delta connection? 

Ans. It is a method of arranging the connections of a bank- 
of three delta connected transformers when one becomes dis- 
abled as in fig. 2,171. ■■ 

CSiange of Frequency. — There are numerous instances 
■ where it is desirable to change from one frequency to another, 
as for instance to join two systems of different frequency which 
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may supply the same or adjacent territory, or, in the case of a 
low frequency installation, in order to operate incandescent 
Hghts satisfactorily jt would be desirable to increase the fre- 
quency for such circuits. This is done by motw generator sets, 
the motor takii^ its current from the low frequency circuit. 

Synchronous motors are generally used for such service as 
the frequency is not disturbed by load changes; it also makes it 



0.2,172. — Course at the SchaghOcoIre-Schenectady transmiaiioa lino of the Schaneclady Power 
Co. This traninissioa line carries practically the entire output of the Schaghtiooke power 
houH to Schenectady. N. Y., a diaUnce of appniiimately il miles. The line tauiila 
of two separate three phase, 40 cycle. aa.OOOvolt circuits, each of 6.00(II[W.aoiinalc«Mdtr. 
These circuits start troni oppoaita ends of the power house, and. after crossing the Hoa«c 
Itiver. ftra tnuuferred by meana of two terminal towers, fig. 2. ITS. to a singls fine of trans, 
mission towers. The two citeuits are carried on these on opposite ends of tbe cross arms, 
the three phases being auperimposed. The power house ends of the line are held b; gin 



hree phases being flupenmpooed. The power house ends of the Lne are held by 

. t quadnnguUr eted lattice work anchor jioles with their bases firmly embedded in c... 

Crete, tnecabl^beiiiff dead ended by General Electric disc strain insulatois. IniseQuipmnit. 
together with the hghtning arrester horn gaps and the heavyline outlet inaulators mounted 
OTk the roof <A the power house, ia shown in fig- 2.174. While each circt^t carries only 
S,000 kw. under normal conditions, either is capable of carrying the entire output of the 
■ ■■ ■ ■ '. TS» feature 



any interruption of the service from 
X lfl7 transmissic 



ine losses are necessarily augmented., ' 



possible to use the set in the reverse order, that is, taking power 
from the h^h frequency mains and delivering energy at low 
frequency. 
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Ques. In the parallel operations of frequ^icy changing 
sets what is necessary to secure equal division of the load? 

Ans. The rdative angular position of the rotating elements 
of motor and generator must be the same respectively in each set 



Fig. 2.173.— BtsmninB of Schaghticoke-Schenectady transmisaion line; view showing tramft* 

Ques. How is this obtained? 

Ans. Because of the mechanical difficulty of accurately 
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locatu^ the parts, the 
equivalent result is se- 
cured by arranging the 
stationary element in 
one of the two machines 
so that it can be given 
a small angular shift. 



Transformation of 
Phases. — In alternat- 
ing current circuits it is 

frequently desirable to 
change from one num- 
ber of phases to another. 
For instance, in the case 
of a converter, it is less 
expensive and more 
efficient to use one biiilt 
for six phases than for 
either two or three 
phases. 



The numerous con- 
ditions met with neces- 
sitate varioiis phase 
transformations, as 

1. Three phase to one 
phase; 



2. Three phase to two 
l^iase; 
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3. Two phase to six phase; 

4. Three phase to six phase. 

These traosformatioiis are accompKshed by the numerous 
arrangements and combinations of the transformers. 
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Fig. 2,175. — Three phase to one ^hase transformation with two transformers, 
shows the necessary connections and the relative pressures obtained. 



The diagram 



Three Phase to One Phase. — ^This transformation may be 
accomplished by the use of two transformers connected as in 
fig. 2,175 in which one end of one primary winding is connected 
to the middle of the other primary winding* and the second end 
of the first primary winding at a point giving 86.6 per cent, of 
that winding as shown. The two secondary windings are joined 
in series. 

Three Phase to Two Phase. — ^The three phase system is 
universally used for long distance transmission, because it 
requires less copper than either the single or two phase systems. 
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For distribution, however, the two phase system presents 
certain advantages, thus, it becomes desirable at the distribution 
centers to change from three phase to two phase. This may be 
done in several ways. 

Ques. Describe the Scott connection. 

Ans. Two transformers are used, one having a 10:1 ratio, 





rDwo'o'oOTm 



100 



I 



Fig. 2,176. — The Scott connection for transforming from three phase to two phase. In this 
method one of the primary wires B of the .866 ratio transformer is connected to the middle 
of the other primary as at C, the ends of which are connected to two of the three phase 
wires. The other phase wire is connected at D, the point giving the .866 ratio. The 
secondary wires are connected as shown. 

and the other, a ^V3 : 1, that is, an 8.66 : 1 ratio. The con- 
nections are arranged as in fig. 2,176. 

It is customary to employ standard transformers having the ratios 
10 : 1, and 9 : 1. 

Ques. What names are given to the two transformers? 

Ans. The one having the 10 : 1 ratio is called the main 
transformer, and the other with the 8.66 : 1 ratio, the teaser 
transfoniier. 
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In construction, the transformers may be made exactly alike so that 
either may be used as main or teaser. 

In order that the connections may be properly and conveniently 
made, the primary windings should be provided with 50% and 86.6% 
taps. 




Pig. 2,177. — ^Three phase to two phase transformation with three star connected transformers. 
Two of the secondary windings are tapped at points corresponding to 57.7% of full voltage: 
these two windings are connected in series to term one secondary phase of voltage equal 
to that obtained by the other full secondary winding. 



Ques. Describe another way of transforming from 
three to two phases. 

Ans. The transformation may be made by three star con- 
nected transformers, proportioning the windings as in fig. 2,177, 
from which it will be seen that two of the secondary windings 
are tapped at points corresponding to 67.7 per cent, of full 
voltage. 
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Three Phase to Six Phase. — ^This transformation is tisually 
made for use with rotary converters and may be accomplished 
in several ways. As these methods have been iUtistrated in 
the chapter on Converters (page 1,462), it is unnecessary to 
again cHscuss them here. Fig. 2,178, below shows the dia- 
tnetrical connection for transforming three phase to six phase. 




Pig. 2,178. — Diagram of diametrical connection, three phase to six phase. It la obtained 
by bringing both ends of each secondary Vfinding to opposite Points on the rotary converter 
winding, tttiUzinff the converter winding to give the six phases. This transformation 
oi phaiee may smo be obtained with transformers having two secondary windings. 



Alternating Current Systems. — ^The saving in the cost 
of transmission obtained by using alternating instead of direct 
current is not due to any diflEerence in the characteristics of the 
currents themselves, but to the fact that in the case of alter- 
nating current very high pressures may be employed, thus 
penmtting a given amount of energy to be transmitted with a 
relatively small current. 
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In the case of direct current systems, conraiutator troubles 
limit the transmission pressiire to about 1,000 volts, whereas 
with alternating current it may be commercially generated at 
pressures up to about 13,000 and by means of step up trans- 
formers, transmitted at 110,000 volts or more. 






It ScbenKtwIyivi 



Relative Weights of Copper Required by Polyphase 
Systems. — A comparison between the weights of copper re- 
quired by the different alternating current systems is rendered 
quite difficult by the fact that the voltage ordinarily measured 
is not the maximum voltage, and as the insulation has to with- 
stand the strain of the maximum voltage, the relative value d 
copper obtained by calculation depends upon the basis of com- 
parison adopted. 
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As a general rule, the highest voltage practicable is used for 
long distance transmission, and a lower voltage for local dis- 
tribution. Furthermore, some polyphase systems give a mul- 
tiplicity of voltages, and the question arises as to which of these 
voltages shall be considered the transmission voltage. 

If the transmission voltage be taken to represent that of the 
distribution circuit, and the polyphase system has as many 
independent circuits as there are phases, the system would 
represent a group of several single phase systems, and there 




TOTAL DROP 

RESISTANCE .05 OHM «00 VOLTS 

' ' 4 
COPPER - 1000 1000 VOLTS 



r 

Pig. 2,180. — Single phase line, used as basis of comparison in obtaining the relative weights of 
copper reqturea by polyphase systems, as indicated in figs. 2,181 to 2,188. 

wotild be no saving of copper. Under these conditions, if the 
voltage at the distant end be taken as the transmission voltage, 
and the copper required by a single phase two wire system as 
shown in fig. 2,180, be taken as the basis of comparison, the 
relative weights of copper required by the various polyphase 
systems is given in figs. 2,181 to 2,188. 

In the case represented in fig. 2,180, if the total drop on the 
line be 100 volts, the generated voltage must be 1,100 volts, 
and the resistance of each line must be 50 -5- 1,000= .05 ohms. 
Calculated on this basis, a two phase four wire system is equiv- 
alent to two single phase systems and gives no economy of copper 
in power transmission over the ordinary single phase two wire 
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Figs. 2,181 to 2,188. — Circuit diagrams showing relative copper economy of various alternating 
current systems. 
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system. This is the case also with any of the other two phase 
systems, except the two phase three wire system. 

In this system two of the four wires of the four wire two phase sys- 
tem are replaced by one of full cross section. 

The amount of copper required, when compared with the angle 
phase system, will diSer considerably according as the comparison i: 
based on the highest voltage permissible for >■ . -> .-. . 

or on the minimum voltage for low pressure si 



Fig. 2,189. — Twin circiut "aennotor" towers auTying 44.000 volt canducCora (SoDthem 
Power Co.). These towers vary in height from 35 to 40 feet, and the drcuiti art train- 
poeed eveiy 10 miles. The towers are asatmbled on the around imd erected by means of 
gin pates. They are nanaaXly spaced SOO feet apart with a sae of E feet S inches. The 
minimum distance betweea towersis 3D0 feet and the maximum 700 feet. 

If E be the greatest voltage that can be used on account of the insu- 
latioa strain, or for any other reason, the pressure between Uie oliier 
conductors of the two phase three wire system must be reduced to 
E^- V2. 

The weight of copper required under this condition is 145,7% that 
of the single phase copper. 

On the basis of Tninimiiin voltage, the relative amoiut of copper 
reguired is 72.9^ that of the single phase system. 
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'Bigt, 2,187 and 2,188 are two ocamples of tluee phase four wire ^s- 

tems. liie relative amount of copper required as compared with the 
^ngle phase system depends on tiie cross section of the fourth wire. 
The arrai^ement shown in fig. 2,188, where the fourth wire is only 
half size, is used only for secondary distribution systems. 

Choice of Voltage. — In order to properly determine the 
voltage for a transmission system there are a number of 



Fio. 2,191. — Oancnl BlacUic tissBinaition K 
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conditions which must be considered in order that the economy 
of the entire installation shall be a 



The nature of the diversely various factors which aifect the 
problem malces a mathematical expression difficult and unsat- 
isfactory. 

Ques. What is the relation between the cross sec- 
tional area of the conductors and the voltage? 

Ans, For a given circuit, the cross sectional area of the 
conductors, or weight varies inversely as the voltage. 



FtG. Z,1S2, — General Blectric standard tower under construction. 

Ques. Would the highest possible voltage then be used- 
for a transmission line? 

Ans. The most economical voltage depends on the lei^[th 
of the line and the cost of apparatus. 



ce, alternators, transformers, insulation and circuit control 
and lightning protection devices become expensive when manufac- 
tured for very high pressures. Hence if a very high pressure were used, 
it would involve that the transmission distance be great enough so 
that the extra cost of the h^h pressure apparatus woiUd be o^t by 
the oaviug ia copper effected by using the high pressure. 
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la the case of the longest lines, from about 100 miles up, the saving 
in copper with the hignest practicable voltage is so great that tbe 
inciease in other eicpenses is rendered comparatively small. 

In the shorter lines as those ranging in length from about one mile 
to 50 or 75 miles, the most suitable voltage must be determined ia 
each individual case by a careful consideration of all the conditions 
involved. No fixed rule can be established for proper voltage based 
on the length, but the following table will serve as a guide: 



er Company crossing tb 

Usual Transmlsalon Voltaftea 



Length of line 


Voltage 


in miles 




1 


500 to 1,000 


Ito 2 


1,000 to 2,300 




2,300 to. e.eoo 


3 to 10 


6,600 to 13,200 


10 to 15 


13,200 to 22.000 


15 to 20 


22.000 to 44,000 


20to 40 


44,000 to 66,000 






60 to 100 


88,000 to 110,000 
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Ques. What are the standard voltages for alternating 
current transmission circuits? 

Ans. 6,600, 11,000, 22,000, 33,000, 44,000, 66,000, 88,000. 

The amotrnt of power to be transmitted determines, in a measure, the 
limit of line voltage. If the most economical voltage considered from 
the point of view of the line alone, be somewhere in excess of 13,200, 
step up transformers must be employed, since the highest voltage for 
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Fig. 2,194. — View of a three phase, 2,300 volt, 60 cycle line at Chazy, N. Y. The curtent is 
transmitted at the alternator voltage 2K miles over the single circuit pole line. The 
poles are of cedar with fir cross arms, and are fitted with pin msulators. They are from 
35 to 40 feet high and are spaced at an average of about 120 feet. The conductors are 
bare copper wire No. 00 B. & S. The alternators consist of one 50 kw., and one 100 kw. 
General Electric machines. 

which standard alternators are manufactured is 13,200. In a given case, 
the saving in conductor by using the higher voltage may be more than 
offset by the increased cost of transformers, and the question must be 
determined for each case. 



Ques. What are the standard transformer ratios? 

Ans. Multiples of 5 or 10. 
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Mixed Cuirent Systems. — It is often desirable to transmit 
dectrical enei^ in the form of alternating current, and dis- 
tribute it as direct current or vice versa. 

Such systems may be classed as mixed current systems. The 
usual conversion is from altematii^ current to direct current 
because (rf the savii^ in copper secured by the use of alter- 
nating current in transmission, especially in the case of long 



f^e trails 



J^^m''^b™itioii wMi a revoMrg aiMturs altemator'^DUiited on the au^ebatX 

is lo concert and reftolBte ihe prasute. By varyina the field eicitaiion of the elteraatof. 
the A C voltaee impressed on the rotary converter proper can be increased or decresaed aa 
- ■ ^ Thus, the D.C. voltage delivered by the converter is varied accordingly. Thi» 



ather automatic or non-automatic, in direct cunent voltage is necessary. Also eSpeciaUy 
for the conpen! 



n^rvinff incandescent liflhtinff syst^ns where considerable voltaga variation ifl reqtdivd 
^_ .^ ,-. 1 AtX^ inlbng feeders, for operation in parallel with Btorage battoiieB 



and tor olecWilytio work vbtn eitreme vaiiationa in voltage are required by changei 
Ow Kustance of the electrolytic cells. 

distant lines. Such conversion involves the use of a rotary 
converter, motor generator set, or rectifier, according to the 
conditions of service. 
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The suburban trolley forms a good exaanple of a mixed systen 
in which alternating current is generated at the central statii 
and transmitted to sub-stations, where it is transformed to lo 
pressure, and converted into direct current for use on the lin< 
Pig. 2,195 shows the interior of a sub-station of this kind. 

Ques. What direct current pressure is usually em 
ployed on traction lines? 

Ans. 500 volts. 

Ques. Mention another important service perform 
by a mixed system. 

Ans. If the generator furnish alternating current it must be 
converted into direct current in order to charge storage batteries. 
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